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After ten years and thousands of procedures, 

PROLENE suture continues to prove its clinically important 

qualities and characteristiós: Monofilament smoothness, 

strength, pliability, knot s urity and resistance to d 

fatigue-induced fracture. Inert PROLENE suture induces 

only a minimal tissue readtion and does not harbor bacteria. 
PROLENE suture retainslin vivo tensile strength after 


prolonged implantation even in the presence of infection. 


4 ETHICON 


INDIGATIONS — PROLENE SOR Dropylene Suture, U.S.P. ma 


2 biological inertness, it is recommended for use where the least ible suture reaction is desired. As a true monofilament, PROLENE Polypropylene Suture. U. S.P. 


f resists involvement in infection and has been pue an oyed in contaminated and infected wounds to eliminate or minimize later sinus formation end suttre 
p extrusion. Because of its lack of adherence to tissue, PROLENE Pol 


C Eropviene Suture, U.S.P., is efficacious as a pull-out suture. CONTRAINDICATIONS —- 

x There are no known contraindications. WARNINGS — Unused PROLEN POTUM Sutures which have been removed from their package may be resterilized 

d *e« no more than three times by the standard steam autoclaving method (250*F for 30 minutes) without loss of strength. Unopened suture EA es should not be 

© e -Vesterilized by steam autoclave. PRECAUTIONS — As with other synthetic sutures, knot apy el the standard surgical technic of flat an square ties, with 
additional tirows if indicated by Si ves circumstance and the experience of the operator. ADVERSE REACTIONS — 

Erud have been reported. SUPPLIED — Ay 


ransitory local inflammatory reactions 
ailable in U.S.P. sizes. with and without needles. 10/0 thru 2 for pigmented sutures; 7/0 thru 2 for clear. 
o0 Ta dematk 
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New Calcium-Regulating Hormone Solution 
IL Plays Important Part 


Controlled Studies of 52 Patients! - : 


Seu E un Total Treatment of 


Calcium é 
(mg/100 ml) Calcimar^ 


: Pm Hypercalcemia 


Fast Acting 


Significant results obtained within 2-3 hours 


Compatible 


May be used in conjunction with other anticalcemic measures 


Wide Range of Safety 


No major side effects in high doses;* no interference with 
electrolyte balance 


Action 


Inhibits mobilization of calcium from bone and to some extent 
reduces tubular reabsorption of calcium in the kidney 


Documented 
Effectiveness 
in 77% of 43 
Patients?-^ 

B IMPROVED 

E SIGNIFICANT 

EFFECT 


Sjoberg? Fillastre? Wisneski^ 


Calcimar’ Solutio 


(calcitonin-salmon) Armour , 


a calcium-regulating hormone 


RSS NOW AVAILABLE IN = 
Days of Study PREPARED SOLUTION FORM 5 


(Brief summary of prescribing information on reverse side) = 


val p CHE 


*The possibility of systemic allergic reactions should not be overlooked. Nausea, vomiting, and local irritation have been reported in about 10% of 
patients. See Brief Summary for additional information. 1. Gray TK, Becker KL, Deftos LJ, Goldsmith RS: Controlled clinical studies with 52 hypercalcemic 
patients. Data on file. 2 Sjoberg HK, Hjern B: Acta Chir Scand 141:90, 1975. 3. Fillastre JP, Humbert G., et al.: Europ J Intensive Care Med 1:185, 1975. 4. Wisnes 
LA. C-oom WP. et al: Clin Pharmacol Ther 23:219, 1978 
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Calcimar Solution ule 


(calcitonin-salmon) Armour 






NOW AVAILABLE 
IN PREPARED 
SOLUTION FORM 


A Calcium-Hegulating Hormone, 

Effective in Early Treatment of 
Hypercalcemia and Hypercalcemic Crisis 
As Part of The Overall Therapy 





BRIEF SUMMARY 


DESCRIPTION: CALCIMAR® (calcitonin-salmon) is a syn- 
thetic polypeptide hormone of salmon origin. CLINICAL 
PHARMACOLOGY: Calcitonin acts primarily on bone, but 
renal effects, and actions on the g.i. tract, are also recog- 
nized. The actions of calcitonin and its role in bone phy- 
siology are not completely understood. Bone — Single 
injections of calcitonin cause a marked transient inhibition of 
the bone resorptive process. With prolonged use, there is a 
persistent, smaller decrease in the rate of resorption. 
Decreased osteocytic resorption may also be involved. 
Possible bone formation may be augmented by calcitonin 
through increased osteoblastic activity. Hypercalcemia — 
Salmon calcitonin has been shown to lower the elevated 
serum calcium of patients with carcinoma, multiple myeloma 
and, with lesser response, primary hyperparathyroidism. 
Calcium-lowering response occurs about 2 hours after first 
injection and lasts for 6 to 8 hours. INDICATIONS AND 
USAGE: Synthetic salmon calcitonin (CALCIMAR®) is indi- 
cated for early treatment of hypercalcemic emergencies, 
along with other appropriate agents, when a rapid decrease 
in serum calcium is required, until more specific treatment of 
the underlying disease can be accomplished. It may also be 
added to existing therapeutic regimens for hypercalcemia 
such as i.v. fluids, furosemide, oral phosphate, cortico- 
stgroids, or other agents. CONTRAINDICATIONS: Clinical 
"allergy to synthetic salmon calcitonin. WARNINGS: Pregnan- 


- . cy — Reproduction studies in two species have revealed de- 


creases in fetal birth weight, and data in humans are not 

available to exclude a possible adverse effect on the fetus. 

Use of this drug in women who are or may become pregnant 

, requires a determination that the potential benefit to the pa- 

* tient aiii di the possibility of risk to the fetus. Calcitonin 
e. 


+ 
. 


has been shown to inhibit lactation in animals and should not 
be administered to nursing mothers. PRECAUTIONS: Allergy 
— Calcitonin is protein in nature; therefore, the possibility of 
a systemic allergic reaction cannot be overlooked. Hypocal- 
cemia — The administration of calcitonin possibly could lead 
to hypocalcemic tetany although no cases have yet been re- 
ported. Patient Instructions — Careful instruction in sterile 
injection technique should be given to the patient and to 
other persons who may administer CALCIMAR? Laboratory 
Tests — Periodic examinations of urine sediment of patients 
on chronic therapy are recommended. Pediatric Use — 
There are no adequate data to support the use of calcitonin in 
children. ADVERSE REACTIONS: Nausea and/or vomiting 
has been noted in about 10% of patients. These effects tend 
to decrease or disappear with continued administration. 
Local inflammatory reactions at the site of subcutaneous or 
intramuscular injection have been reported in about 10% of 
patients. Facial flushing occurred in about 2-5% of patients. 
DOSAGE AND ADMINISTRATION: Hypercalcemia — The 
recommended starting dose of calcitonin in hypercalcemia is 
4 MRC units/kg body weight q. 12h., s.c. or i.m. If response is 
not satisfactory after 1-2 days, the dose may be increased to 
8 MRC units/kg, q. 12h. If still unsatisfactory after 2 more 
days, the dose may be brought to a maximum of 8 MRC 
units/kg, q. 6h. If injection volume exceeds 2 ml, intra- 
muscular injection is preferable, using multiple sites. HOW 
SUPPLIED: CALCIMAR® (calcitonin-salmon) Armour, is 
available as a sterile solution in 2 ml vials containing 200 
MRC units per ml. Store in refrigerator between 
DN 2°-8°C (36°-46°F). | 
ARMOUR PHARMACEUTICAL CO. E 
Phoenix, Arizona 85077 a. 
© Copyright 1980 by Armour Pharmaceutical Company ` 
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_ INFECTIONS CAN BE 
LIFE THREATENING. 


BACTEROIDES 





Sensitivity testing is always recommended prior to instituting 
therapy with Chloromycetin (chloramphenicol). However, as 
indicated in the prescribing information, in some situations it 
may be necessary to administer Chloromycetin before sensitivity 
tests have been completed. 


Bacteroides may be implicated in a number of clinical 
situations, including septic abortions, deep wounds, bacteremia, 
or metastatic or other abscesses in association with 
thromboembolic phenomena. 

The most prevalent microbial flora of man, Bacteroides are 
anaerobic, aerointolerant, nonsporeforming, nonmotile, 
gram-negative bacilli. Under normal conditions, Bacteroides are 
benign. However, in infectious situations, they can be extremely 
virulent and are often present with other organisms. Their 
presence may qo undetected. 

Because Bacteroides infections are usually responsive to 
Chloromycetin (chloramphenicol) therapy, many authorities 
recommend early treatment with Chloromycetin when the clinical 
impression suggests a Bacteroides infection is present. In fact, 
such therapy may well be the conservative course because the 
benefit-to-risk ratio with Chloromycetin is very favorable. 

Chloromycetin must be used only in those serious infections 
for which less potentially dangerous drugs are ineffective or 
contraindicated. 





There is a right time for CHLOROMYCETIN* Sodium Succinate 
(chloramphenicol sodium succinate for injection, USP) 


PARKE-DAVIS 
Div of Wa rt Co 
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| CHLOROMYCETIN 


SODIUM .SUCONAT E 
(CHLORAMPHENICOL SODIUM SUCCINATE 





Prescribing Information 
Chloromycetin? Sodium Succinate 
{chloramphenicol sodium succinate for injection, 


For intravenous administration i 


WARNING 

Serious and fatal blood dyscrasias (aplastic anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administration 
of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chlorampheni- 
col which later terminated in leukemia. Blood dyscra- 
sias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol 
must not be used when less potentially A 
agents will be effective, as described in the INDICA- 

ONS section. /t must not be used in the treatment of 


trivial infections or where itis not indicated, as in colds, 
influenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made relay ewe peur with the drug. While 


blood studies may tect early peripheral blood 
changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
ihih TO BE INEFFECTIVE WHEN GIVEN INTRAMUS- 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously. 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained on the 
recommended dosage. 

3. Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral form as soon as 
practicable 

DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for, and 

should be reserved for, serious infections caused by organ- 

isms susceptible to its antimicrobial effects when less poten- 
tially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing is essential to determine its 
indicated use, but may be performed concurrently with therapy 
initiated on clinical impression that one of the indicated 
conditions exists (see INDICATIONS section). 

Each gram (10«nl of a 10% solution) of chloramphenicol 
pod succinate Contains approximately 52 mg (2.25 mEq) of 
sodium. 


ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic effect 
on a wide range of gram-negative and grain-positive bacteria 
and is activein vitro against rickettsias, the lymphogranuloma- 
psittacosis group. and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is through interference or 
inhibitios of protein synthesis in intact cells and in cell-free 
systems. 

Chloramphenicol administered orally is absorbed rapidly 
fromthe intestinal tract. In controlled studies in adult volunteers 
using therecommended dosage of 50 mg/kg/day, a dosage of 
1 g every six hours for eight doses was given. Using the 
microbiological assay method, the average peak serum level 
was 11.2 mcg/ml one hour after the first dose. A cumulative 
effect gave a peak rise to 18.4 mcg/ml after the fifth dose of 1 g. 
Mean serum levels ranged fom 8 to 14 mcg/ml over the 48- 
hour period. Total urinary excretion of chloramphenicol in these 
studies ranged from a low of 68% to a high of 99% over a three- 
day pericd. From 8 to 1296 of the antibiotic excreted is in the 
form of free chloramphenicol; the remainder consists of 
microbiologically inactive metabolites, principally the conju- 
gate with glucuronic acid. Since the glucuronide is excreted 
rapidly, most chloramphenico! detected in the blood is in the 
microbiologically active free form. Despite the small proportion 
of unchanged drug excreted in the urine, the concentration of 
free chloramphenicol is relatively high. amounting to several 
hundred mcg/ml in patients receiving divided doses of 50 mg/ 
kg/day. Small amounts of active drug are found in bile and 
feces. Chioramphenicol diffuses rapidly. but its distribution is 
not uniform. Highest concentrations are found in liver and 
kidney. and lowest concentrations are found in brain and 
cerebrospinal fluid. Chloramphenicol enters cerebrospinal 
fluid even in the absence of meningeal inflammation, appear- 
ing in concentrations about half of those found in the blood. 
Meaffurabie levels are also detected in pleural and in ascitic 
fluids. saliva, milk, and in the aqueous and vitreous humors. 
Transport across the placental barrier occurs with somewhat 
lower concentration in cord blood of newborn infants than in 


$ maternal blood 


INDICATIONS 
In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those seri@us infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 


* ever, chloramphenicol may be chosen to initiate antibiotic 


-è E. 1 


therapy on the clinical impression that one of the condi- 
tions below is beljeved to be present: in vitro sensitivity 
tests should be performed concurrently so that the drug 
mabe discontinued as soon as possible if less potentially 

ng@gous agents-are indicated by such tests. The deci- 
sion to continue use “of chloramphenicol rather than 


- b b . 


another antibiotic when both are wer qtii by in vitro 
studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy of 
the various drugs in the infection, and the important 
additional concepts contained in the WARNING box above: 


1. Acute infections caused by Salmonella typhi * 


It is not recommended for the routine treatment of the 
typhoid carrier state. 


2. Serious infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Salmonella species 
b) H. influenzae. specifically meningeal infections 
C) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacteremia, 
meningitis, or other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
strated to be resistant to all other appropriate antimicro- 
bial agents 
3. Cystic fibrosis regimens 


“Inthe treatment of typhoid fever some authorities recommend 
that chloramphenicol be administered at therapeutic levels 
for 8to 10 days after the patient has become afebrile to lessen 
the possibility of relapse. 


CONTRAINDICATIONS 
Chloramphenicol! is contraindicated in individuals with a 
history of previous hypersensitivity and/or toxic reaction to it. /f 
must not be used inthe treatment of trivial infections or where it 
is not indicated, as in colds, influenza, infections of the throat: 
or as a prophylactic agent to prevent bacterial infection. 
PRECAUTIONS 

1. Baseline blood studies should be followed by periodic 
blood studies approximately every two days during therapy. 
The drug should be discontinued upon appearance of reticulo- 
cytopenia. leukopenia, thrombocytopenia, anemia. or any 
other blood study findings attributable to chloramphenicol 
However, it should be noted that such studies do not exclude 
the possible later appearance of the irreversible type of bone 
marrow depression. 

2. Repeated courses of the hs noua be avoided if at all 
possible. Treatment should not be continued longer than 
required to produce a cure with little or no risk of relapse of the 
disease. 

3. Concurrent therapy with other drugs that may cause bone 
marrow depression should be avoided. 

4. Excessive blood levels may result from administration of 
the recommended dosage to patients with impaired liver or 
kidney function including that due to immature metabolic 
processes in the infant. The dosage should be adjusted 
accordingly or. preferably. the blood concentration should be 
determined at appropriate intervals 

5. There are no studies to establish the safety of this drug in 
pregnancy. 

6. Because chloramphenicol readily crosses the placental 
barrier, caution in use of the drug is particularly important 
during pregnancy at term or during labor because of potential 
toxic effects on the fetus (gray syndrome). 

7. Precaution should be used in therapy of premature and 
full-term infants to avoid “gray syndrome” toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed during therapy of the newborn infant. 

8. Precaution should be used in therapy during lactation 
because of the possibility of toxic effects on the nursing infant 

9. The use of this antibiotic. as with other antibiotics, may 
resultin anovergrowth of nonsusceptible organisms. including 
fungi. If infections caused by nonsusceptible organisms 
appear during therapy appropriate measures should be 
taken 


ADVERSE REACTIONS 
1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol is bone 
marrow depression. Serious and fatal blood dyscrasias (aplas- 
tic anemia, hypoplastic anemia, thrombocytopenia, and gran- 
ulocytopenia) are known to occur after the administration of 
chloramphenicol. An irreversible type of marrow depression 
leading to aplastic anemia with a high rate of mortality is 
characterized by the appearance weeks or months after 
therapy of bone marrow aplasia or hypoplasia. Peripherally, 
pancytopenia is most often observed, but in a small number of 
cases only one or two of the three major cell types (erythro- 
cytes, leukocytes, platelets) may be depressed. A reversible 
type of bone marrow depresson, which is dose-related, may 
occur. This type of marrow depression is characterized by 
vacuolization of the erythroid cells, reduction of reticulocytes, 
and leukopenia, and responds promptly to the withdrawal of 
chloramphenicol. 

An exact determination of the risk of serious and fatal blood 
dyscrasias is not possible because of lack of accurate 
information regarding (1) the size of the population at risk, (2) 
the total number of drug-associated dyscrasias, and (3) the 
total number of non-drug-associated dyscrasias 

In a report to the California State Assembly by the California 
Medical Association and the State Department of Public Health 
in January 1967. the risk of fatal aplastic anemia was estimated 
at 1:24,200 to 1:40.500 based on two dosage levels. 

There have been reports of aplastic anemia attributed to 
chloramphenicol which later terminated in leukemia 

Paroxysmal nocturnal hemoglobinuria has also been re- 
ported. 

2. Gastrointestinal Reactions 

Nausea, vomiting. glossitis and stomatitis. diarrhea and 
enterocolitis may occur in low incidence 
3. Neurotoxic Reactions 

Headache, mild depression. mental confusion, and delirium 
have been described in patients receiving chloramphenicol 
Optic and peripheral neuritis has been reported, usually 
following long-term therapy. If this occurs. the drug should be 
promptly withdrawn 
4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes, angioedema. urticaria, 
and anaphylaxis may occur Herxheimer reactions have 


occurred during therapy for typhoid fever. 
5. ‘Gray Syndrome" 

Toxic reactions including fatalities have occurred in the 
premature and newborn; the signs and symptoms associated 
witn these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in an 
infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients: 

a) In most cases, therapy with chloramphenicol had been 

instituted within the first 48 hours of life 

b) Symptoms first appeared after three to four days of 

continued treatment with high doses of chloramphenti- 
col. 
c) The symptoms appeared in the following order: 
(1) abdominal distention with or without emesis 
(2) progressive pallid cyanosis; 
(3) vasomotor collapse, frequently accompanied by 
irregular respiration; 
(4) death within a few hours of onset of these symptoms 
d) The progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules 

e) Preliminary blood serum level studies revealed unusu- 
ally high concentrations of chloramphenicol (over 90 
mcg/ml after repeated doses). 

f) Termination of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery 


ADMINISTRATION 


Chloramphenicol, like other potent drugs. should be pre- 
scribed at recommended dosages known to have therapeutic 
activity. Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond. 

Assoonas feasible an oral dosage form of chloramphen- 
icol should be substituted for the intravenous form be- 
cause adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended: 

Intravenously as a 10% (100 mg/ml) solution to be injected 
over at least a one-minute interval. This is prepared by the 
addition of 10 ml of an aqueous diluent, such as water for 
injection or 5% dextrose injection. 


DOSAGE 
Adults 


Adults should receive 50 mg/kg/day in divided doses at six- 
hour intervals. In exceptional cases, patients with infections 
due to moderately resistant organisms may require increased 
dosage upto 100 mg/kg/day to achieve blood levels inhibiting 
the pathogen, but these high dosages should be decreased as 
soon as possible. Adults with impairment of hepatic or renal 
function or both may have reduced ability to metabolize and 
excrete the drug. In instances of impaired metabolic pro- 
cesses, dosages should be res ite accordingly. (See dis- 
cussion under Newborn Infants.) Precise control of 
concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request) 
Children 

Dosage of 50 mg/kg/day divided into four doses at six-hour 
intervals yields blood levels in the range effective against most 
susceptible organisms. Severe infections (eg. bacteremia or 
meningitis), especially when adequate cerebrospinal fluid 
concentrations are desired. may require dosage up to 100 mg/ 
kg/day; however. it issrecommended that dosage be reduced 
to 50 mg/kg/day as soon as possible. Children with impaired 
liver or kidney functions may retain excessive amounts of the 
drug 


Newborn Infants 
(See section titled "Gray Syndrome" under ADVERSE RE- 
ACTIONS.) 

A total of 25 mg/kg/day in 4 equal doses at 6-hour intervals 
usually produces and maintains concentrations in blood and 
tissues adequate to control most infections for which the drug 
IS indicated. Increased dosage in these individuals. de- 
manded by severe infections, should be given only to maintain 
the blood concentration within a therapeutically effective 
range. After the first two weeks of life, full-term infants ordinarily 
may receive up to atotal of 50mg/kg/day equally divided into 4 
doses at 6-hour intervals. These dosage recommendations are 
extremely important because blood concentration in all pre- 
matureinfants and full-term infants under 2 weeks of age differs 
from that of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and the 
kidneys 

When these functions are immature (or seriously impaired in 
adults). high concentrations of the drug are found which tend to 
increase with succeeding doses 
Infants and Children with Immature Metabolic Processes 

In young infants and other children in whom immature 
metabolic functions are suspected. a dosage of 25 mg/kg/day 
will usually produce therapeutic concentrations of the drug in 
the blood. In this group particularly. the concentration of the 
drug in the blood should be carefully followed by microtech- 
niques. (Information available on request.) 


HOW SUPPLIED 


N 0071-4057-03[06] (Steri-Vial* No. 57) 

Chloromycetin Sodium Succinate (chloramphenicol sodium 
succinate for injection. USP) is freeze-dried in the vial and 
supplied in steri-vials (rubber-diaphragm-capped vials). 
When reconstituted as directed, each vial contains a sterile 
solution equivalent to 100 mg of chloramphenicol per milliliter 
(1 g/70 ml) Available in packages of 10 vials 

Chloromycetin, brand of chloramphenicol, Reg US Pat Off " 


PD-JA-0252-1-P (4-80) 
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TAMOXIFEN CITRATE 


Proven sate for the oral, palliative 
treatment of metastatic breast cancer 
in postmenopausal women 


Oral palliative treatment with NOLVADEX" (tamoxifen 
citrate) does not involve the disruption of family life that 
occurs with cytotoxic drugs or major ablative surgery. 


Side effects are minimal and of a 
non-life-threatening nature. 
Among 970 women treated with NOLVADEX tablets, 


the most common adverse reactions reported were 
neither disabling nor life-threatening. 





SIDE EFFECTS MOST FREQUENTLY OBSERVED, 
ATTRIBUTED TO NOLVADEX OR UNKNOWN CAUSE, 


IN 970 PATIENTS! 
Number of Number 
patients discontinuing 

reporting therapy as a result 
Nausea and/or vomiting 153 (16%) 12 (1%) 
Hot flashes 121 (12%) 2(<1%) 
Pain or bone pain 113(12%) ] (<1%) 
Anorexia 70 (7%) ] (<1%) 
Edema 38 (4%) none 
Transient leukopenia 36 (4%) 1(« 126) 


NOLVADEX was discontinued in only 
24 patients (296) because of side effects, 
attributed to NOLVADEX or unknown 


cause. 


Dosage was reduced or temporarily interrupted in 16 
other patients. Of adverse reactions other than those 
tabulated above, none affected more than 2% of the 
970 patients. 


Less debilitating side effects 
than with DES. 


In a double-blind crossover study? of NOLVADEX and 

DES, a significant (X?— 4.3, P< .05)* increase in toxicity 

was reported in the DES group. Whereas adverse reac- 

tions necessitated discontinuation of therapy in only 

2 of 56 patients during NOLVADEX treatment, 9 of 54 

patients on DES therapy discontinued the drug because 
side effects. 





UNTOWARD EFFECTS IN PATIENTS? 








Of 56 patients Of 54 patients 
on NOLVADEX on DES 

Number with nausea 5 16 
Number with jaundice — l 
Number with congestive 
cardiac failure — l 
Powe a la. E NA eee 
Number who stopped drug 
because of side effects 2 9 
Number with 
hypercalcemia 3 4 





*Routine recording of side effects was not achieved in all patients during this study, 


but the available data indicate a significantly higher incidence of untoward reactions 
with DES? 


Proven efficacy in progressive disease. 


The following is a tabulation of results with NOLVADEX 
in relation to prior systemic therapy. In any category of 
treatment, the NOLVADEX regimen is simple, conveni- 
ent, well-tolerated...and does not require hospitalization. 





OBJECTIVE RESPONSES TO NOLVADEX® IN 
RELATION TO PRIOR SYSTEMIC THERAPY ' 




















None Endocrine  Cytotoxic Endocrine 
only only 
Cytotoxic 
9 2 12 5 
Complete Response ( 4%) ( 2%) ( 9%) ( 3%) 
80 34 23 "31 
Partial Response (3996) (3996) (1696) (16926) 
Disease 58 29 35 64 
Stabilization (28%) (33%) (25%) (33%) 
Dy 23 70 93 
Progression (28%) (26%) (50%) (48%) 
Total Number 
of Patients 204 88 140 193 
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on ‘Nolvadex’ (tamoxifen) against oestrogens. In Reviews on Endocrine-Related 
Cancer: Proceedings of a Symposium Held at King’s College Cambridge, July 4-5, 
1978, Suppl 3, October 1979, pp 51-56 
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BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex® has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 

the use of Nolvadex. 

Warnings: Nolvadex may have oncogenic activity in animals; 

the possibility of this potential in humans should be consid- 

ered. Nolvacex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex® 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug. 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe, 
Nolvadex should be discontinued. 

Precautions: Nolvadex should be used cautiously in patients 

with existing leukopenia or thrombocytopenia. Observations 

of leukopenia and thrombocytopenia occasionally have been 
made, but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
50,000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate. 

Usage in Pregnancy: Nolvadex should not be used during 

pregnancy. 

Adverse Reactions: The most frequent adverse reactions to 

Nolvadex are hot flashes, nausea, and vomiting. These may 

occur in ug to one-fourth of patients, but are rarely severe 

enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment. 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with a 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex® and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control theme by a simple reduction of dosage without loss of 
control of the disease. 

Overdosage: Acute overdosage in humans has not been re- 

ported. Signs observed at the highest doses following studies 

to determine LDs, in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is known; 
treatmeht must be symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice 

a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 
fablets imprinted with STUART 600, containing tamoxifen as 
“the citrate in an amount equivalent to 10 mg of tamoxifen. The 
tablets are available in containers of 60 tablets and 250 tab- 

lets. The tablets should be protected from heat and light. 
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T IS A REAL PRIVILEGE to be able to express my 
I appreciation for the honor of serving as President 
of the American Surgical Association. My feelings are 
ones of humility, pride and gratitude to all my friends 
and colleagues for this peer reviewed” honor. Having 
been accorded the privilege of serving as Secretary 
of this great organization for five years probably has 
done nothing more than make my appreciation for the 
present honor even more heartfelt. Having read all of 
the Presidential Addresses presented before this great 
organization, I know now why so many expressed 
their feeling of bewilderment, astonishment, humility, 
gratitude and inadequacy. 

To quote Dr. Claude Welch,'® ** Every president of 
the American Surgical Association seeks inspiration 
from his predecessors and usually concludes that every 
topic of interest to surgeons has been analyzed and 
all speeches couched in such telling phrases that they 
defy comparison." This year, however, presented a 
unique challenge well-known to all of you since the 
American Surgical Association is celebrating its one 
hundredth meeting at this time. In this centennial year 
it seems only appropriate that a major portion of the 





Presented at the Annual Meeting of the American Surgical 
Association, Atlanta, Georgia, April 23-25, 1980. 

* Lewis Atterbury Stimson Professor and Chairman, Department 
of Surgery, Cornell University Medical College; and Surgeon-in- 
Chief, The New York Hospital, New York, New York. 

Reprint requests: G. Thomas Shires, M.D., The New York Hos- 
pital-Cornell Medical Center, 525 East 68th Street, New York. New 
York 10021. 


Presidential Address 


The Fourth Surgical Renaissance? 


G. THOMAS SHIRES, M.D.* 


From the Department of Surgery, 
The New York Hospital-Cornell Medical Center, 
New York, New York 





time of the President should have been devoted to look- 
ing at the state of American surgery. 

I would, therefore, like to recount briefly’ 1) the 
historic perspectives of medicine upon which American 
surgery began; 2) the entrance of American surgeons 
into the worldwide surgical scene; 3) some inadequate 
but honest measurements of the success of American 
surgery; 4) the opportunities and surgical potentialities 
based on the start of American surgery; and 5) the 
challenge which can be projected based on the start of 
American surgery. 


Historic Perspectives 


The contemporary surgical historian, Meade,’ states, 


It is hardly surprising that surgery of a number of 
parts of the human body had its origin in the treat- 
ment of wounds, for in many respects man’s environ- 
ment is a hostile one, threatening him on all sides 
with insults to the body that is ill-adapted to resist 
force. Aside from the mute testimony of the remains 
of our forebears, however, the first actual account", 
of the treatment of wounds is to be found in the 
Edwin Smith Papyrus. According to Breasted, it was 
written about 1700 B.C., but composed of texts dat- 
ing back as far as 3000 B.C. (Fig. 1). " 
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Fic. 1. The Edwin Smith Surgical Papyrus, published in facsimile and hieroglyphic transliteration with translation and commentary. 


Reprinted with permission from Breasted, JH.* 


The fascinating Smith Papyrus which is now trans- 
lated and in print,” includes the records of 48 cases 
with discussions of diagnosis, treatment, and prognosis. 
It is interesting that the earliest scientific document 
ever brought to life is a treatise on surgery. In his Great 
Ideas in the History of Surgery, Zimmerman" states, 


This remarkable book was compiled by an unknown 
author at a time when medicine was magical- 
religious, when the vocabulary of science had not 
yet been created, and when the first groping steps 
in inductive reasoning were being taken. This vol- 
ume is as logical as a modern textbook in surgery. 
The text of the Smith Papyrus differs in part only 
from the other medical papyri so far discovered. It 
is the oldest in date of origin, and is the only one 
. that deals primarily with surgery. The work de- 
' scribes a series of cases logically arranged, be- 
ginning at the head and progressing downward. The 
more superficial injuries are described first, followed 
by the progressively more severe ones. 


The first really great surgical renaissance occurred 
' then about the Fifth Century B.C. when the School of 


Hippocrates (460—377 B.C.) brought the state of the 
healing art to a position of scientific medicine. This 
great renaissance was so profound that the history of -" 
medicine and surgery for the ensuing 2,000 years was 
largely a struggle to regain those peaks of excellence 
which were attained during this Golden Age of Greece, 
400 years prior to the Christian Era.'* At least insofar 
as the written word is concerned, in the interim be- 
tween the descriptions available in the Smith Papyrus 
and the monumental works of the Corpus Hippo- 
craticum the descriptions are largely ones of treatment 
of wounds and, generally, rather superficial ones. 

Apart from other sporadic interesting writings, the 
first renaissance of Hippocrates, so aptly called "The 
Father of Medicine," was profound. The more than 70 
books that bear his name are collectively called the 
"Corpus Hippocraticum." The eminent medical his- 
torian, Fielding H. Garrison, succinctly summarized 
the achievements of Hippocrates when he said, '' He 
dissociated medicine from theurgy and philosophy, 
crystallized the loose knowledge of the Coan an 
Cnidian Schools into systematic science, and gave x i 
sicians the highest moral inspiration they haW." : ° 
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Zimmerman and Veith have said, *' By freeing medicine 
from religion and speculation and directing attention to 
careful clinical observation of the patient, Hippocrates 
laid the basis for scientific medicine." 

The second surgical renaissance coincides with what 
is generally known throughout the world as "The 
Renaissance.” It came in about the Fifteenth Century 


following the Dark Ages. This is not to say that sig- 


nificant contributions were not made with the dawning 
of the Christian Era. Certainly the work of Celsus 
when he produced his remarkable book, "De Re 
Medica," is truly a milestone of description. Celsus 
transmitted much of our knowledge of Alexandrian 
surgery and left us the most lucid account of the status 
of medicine and surgery in the Roman period accord- 
ing to Zimmerman and Veith. 

The second great renaissance of surgery was grad- 
ually phased in from the Middle Ages. It is interesting 
that surgery experienced its rebirth somewhat sooner 
by perhaps a century or so from the work of a number 
of remarkable Italian, and later, French surgeons. 
These included William of Salicet, Vesalius and 
Lanfranc to name only a few. Subsequently, however, 
monumental work by Harvey, Malpighi, the great 
Ambroise Paré, and others, aided by the discovery 
of the microscope, produced a true rebirth of medical 
and surgical knowledge. 

The last half of the Nineteenth Century was clearly 
the third surgical renaissance and really formed the 
foundation for all modern surgery. This renaissance 
began with the discovery of ether and chloroform in 
1848 and subsequently the work of Pasteur and the 
great Lister with antisepsis and asepsis which laid 
the foundations for surgery. The pace of progress since 
this third renaissance has truly been staggering. Many 
reasons exist for the rapidity and extent of this prog- 
ress, not the least of which are the coincident ad- 
vances in knowledge of science, chemistry, physiol- 
ogy, etc., which have taken place. 


The Entrance of American Surgeons 


The evolution of American medical practice and 
training prior to the founding of the American Surgical 
Association in 1880 is an interesting one. In the early 
Colonial Period there were virtually no trained phy- 
sicians to aid in the settlement of the New World. As 
the population increased some physicians, educated 
in Europe, came to settle in the new continent but 
their numbers were small and totally inadequate for 
medical care. Most learning was attained by preceptor- 
ship with the existing physicians. Others augmented 
their training by attending the schools and hospitals 
án Great Britain or on the continent of Europe." 

spite of these difficult times of basically frontier 
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life, several individual surgeons undertook the un- 
precedented. Perhaps it was even due to the absence 
of restraint by established schools and authorities that 
allowed such developments. Thus, Ephraim McDowell 
(1771-1830) made surgical history in 1809 when he 
performed the first ovariotomy and proved that elec- 
tive invasion of the peritoneal cavity was feasible 
and practical for the care of abdominal disease. This 
was 40 years before the development of anesthesia and 
70 years before the development of asepsis. Fascinat- 
ing and detailed histories of these pioneering surgeons 
have been well documented. William Beaumont (1785— 
1853) was another of the pioneer surgeons of America 
to win an immortal place in the history of surgical 
science. This army surgeon described his series of well 
planned experiments carried on over a period of 20 
years which he published at his own expense in 1833 
in a booklet entitled, Experiments and Observations 
on the Gastric Juice and the Physiology of Digestion." 

The first American surgeon to stand out internation- 
ally was Philip Syng Physick (1768— 1837). This Phila- 
delphian, after attaining his undergraduate degree, pre- 
ceptored with Dr. Adam Kuhn at the Philadelphia 
College of Medicine. He subsequently served as a 
house officer with Dr. John Hunter in Great Britain 
and subsequently took his degree in medicine from 
Edinburgh. He then gave private lectures in surgery 
and beginning in 1800 established himself in the role 
of an effective teacher. 

During the early Nineteenth Century a number of 
other able surgeons emerged, including men like Valen- 
tine Mott, Samuel D. Gross, our founder, and Daniel 
Brainard to mention just a few. These men are credited 
with ‘‘firsts’’ in the field of arterial ligations, joint 
excisions and gynecologic operations. One of the most 
effective, however, in bringing achievements in Amer- 
ican surgery to the attention and admiration of Europe 
was James Marion Sims (1813-1883). Sims made 
many contributions as a diagnostician, and even as a 
plastic surgeon, but the preeminence which brought 
him worldwide attention was his work in developing 
the Sims retractor and his subsequent ability to close 
vesicovaginal fistulae for the first time. Sims, long a 
believer in cleanliness, including cleaning the patient 
and the surgeon's hands, was one of the early .ones 
to adopt Lister's antiseptic technique. Sims also per- 
formed a cholecystostomy in 1878 in a desperately ill 
and jaundiced patient, establishing the feasibility of. 
elective operative procedure under antiseptic con- 
ditions that could be done within the abdomen." 

The picture of surgery in all of America, however, 
prior to this time or during the first half of the Nine- 
teenth Century, is a rather dismal one. The details 
of current medical education and practice are well l 
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preserved in the essays ‘of Daniel Drake." a phy- 
sician from Cincinnati. Generally, hospitals, with a 
few notable exceptions in large cities, were charity 
institutions for the indigent which were on a par with 
most pest houses. There were no requirements as to 
previous education; a local physician was generally 
chosen as a preceptor and after about two years of 
assistantship the student was certified as competent 
to start in his own practice. During this period knowl- 
edge of disease was basically empirical. Operations 
which were done were generally emergency procedures 
performed in the home. After the midportion of the 
century the preceptorships would generally be re- 
placed by profit-making schools that sprang up around 
the country. These profit-making schools had basically 
no ethical or academic standards. The schools gen- 
erally consisted of a lecture hall, perhaps a dissecting 
room and a microscope, and were basically devoid of 
patient contact. Internship and postgraduate educa- 
tion were generally considered unnecessary until the 
latter half of the Nineteenth Century.'* 

Clearly, however, the greatest American contribu- 
tion to surgery was the development of anesthesia. 
All those participating in this discovery were Ameri- 
cans. This story is well-known to all of us from the 
use of ether inhalation anesthesia by Crawford Long 
who did not report his experiences until 1849; the de- 
velopment of Horace Wells, a dentist from Hartford, 
using nitrous oxide for painless tooth extraction in 
1884; in. 1846 the use by William Morton, also a dentist 
and pupil of Wells, of ether anesthesia and inhalation 
in an operation performed by Dr. J. C. Warren at the 
Massachusetts General Hospital. This contribution 
clearly was one of the milestones and the beginning 
of modern surgery. Shortly following the adoption of 
Joseph Lister's precepts which were first printed in 
1867, surgeons in America began to change a totally 
undisciplined and empirical art into a science and art 
of surgery. Following this development there was a 
virtual explosion of American surgery. A veritable 
flood of new hospitals sprang up around the country. 
In addition, innumerable medical schools and uni- 
versities developed medical education almost over- 
night. The proprietary schools were finally dealt a death 
blow by legislation following the historic Abraham 
Flexner Report on Medical Education in 1910. Follow- 
ing this uniformity developed in requirement of pre- 
medical education; distinctive medical education within 
the medical schools was described and initiated and 
formal degree requirement processes were established. 

In parallel fashion, the formal postgraduate training 
of surgeons was developed. The great William Stuart 
Halsted designed the unique school of surgical training 
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in American surgery. His structuring of the residency 
program has, with some modifications, persisted since 
his establishment of this school in the late 1890's. 

It was against this background that the develop- 
ment of the discipline of surgery and consequently 
the organization of surgery began in this country. One 
hundred one years ago, in 1879, the Philadelphia 
Academy of Surgery and the New York Surgical 
Society were established. In that same year our founder, 
Dr. Samuel D. Gross, planned the development of the 
American Surgical Association. It was in Atlanta in 
1879 that Dr. Gross called a meeting of five leading 
surgeons, Moses Gunn, William P. Briggs, W. W. Daw- 
son, L. A. Douglas and Dr. Gross, to request their 
opinion about founding a national surgical society. 
They all agreed and a circular was sent out to repre- 
sentative surgeons ‘‘soliciting their cooperation in the 
founding of a national surgical society to consist of 
distinguished surgical practitioners, writers and teach- 
ers at a meeting to be held in New York at the 1880 
meeting of the American Medical Association." In 
New York about 50 surgeons assembled, organized 
and adopted a constitution of less than two pages in 
length which stated that the objectives of the Asso- 
ciation should be "cultivation and improvement of 
the art and science of surgery and the promotion of 
interests of not only its fellows but of the medical 
profession at large." Fellowship requirements con- 
sisted of an age of at least 30 years, graduation from a 
respectable medical college, and a reputation as a 
practitioner, author, teacher, or original observer. 
Fifty-four surgeons signed this original constitution. 
Samuel D. Gross was elected the first president.’ 

The next meeting was in Richmond, Virginia, in 
May, 1881, again during the meeting of the American 
Medical Association. After dealing with the problems 
of organization, the society adjourned to meet in Coney 
Island in September of the same year at which time 
four scientific papers were read. The following May, 
1882, the first regular scientific meeting at which trans- 
actions were published was held. Twenty-five fellows 
registered and 50 gentlemen from different parts of the 
country were elected to active fellowship. Fear had 
been expressed that the Association would harm the 
Surgical Section of the American Medical Association. 
Dr. Gross denied this in the following words: ''We 
can hurt no society now in existence or likely to come 
into existence. We hope to make the American Sur- 
gical Association an altar upon which we may an- 
nually lay our contributions to science and so show 
to the world that we are earnest and zealous laborers 
in the interest of human progress and human suffer- 
ing." It is interesting that this meeting in 1882 was 
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held in Philadelphia, the city of the home ofthe founder, 
and further, that the meeting took place just when 
antisepsis and asepsis were under fierce discussion. 

. The Council of the American Surgical Associa- 
tion five years ago commissioned Dr. Mark Ravitch 
to undertake the writing of a history of the American 
Surgical Association. As you know, this book is 
completed and a mock-up of it is available for order- 
ing at the registration desk. I have perused the book 
and can only recommend it to you in the highest 
possible terms. I will not attempt to characterize the 
100 years of the American Surgical Association since 
only an effort such as Dr. Ravitch's can do it justice. 
I honestly believe that this work, entitled, A Century 
of Surgery: The History of the American Surgical 
Association, 1880—1980, is a real milestone in the 
development of this Association. As you are also aware 
by now, we have reserved a place on the program at 
the beginning of tomorrow's Scientific Session which 
will be open to members, guests and wives for a 30- 
minute discussion by Dr. Ravitch of some of the 
fascinating highlights which occurred during the 
. growth of this great organization of ours. 

I would also like to express my sincere thanks to 
Dr. Robert Sparkman for assembling the historic 
exhibit and catalog which you have received. We will 
recommend at the business meeting that a permanent 
site for the American Surgical Association archives 
be established. 

As one reads through the Presidential Addresses, 
the Transactions of the American Surgical Associa- 
tion, and the Minutes of the American Surgical Asso- 
ciation, it is terribly impressive to see the progress 
that has been made in this last 100 years of American 
surgery. The documentation of surgical procedures 
and their technical advances is truly staggering. The 
additional founding of American surgical organizations 
with their tremendous impact which grew out of the 
American Surgical Association's membership and con- 
cerns are likewise truly impressive. This, of course, 
includes the American College of Surgeons being 
founded in 1913 and the American Board of Surgery 
in 1937 with the subsequent development of other sur- 
gical Boards. Equally impressive is the gradual but 
inevitable development of the surgical biologists. This 
development shows the need for improvement in the 
total biologic care of the surgical patient. It is also 
reflected in the strong support of members of this 
Association for the development of research funding 
as a preeminent national priority. The contributions 
to surgical biologic research, beginning in 1945 and 
continuing through the present time, are truly unique 
in world history. 


7 


‘ ) ZA FIZ. 


PRESIDENTIAL ADDRESS | 273 


The Success of Anferican Surgery 


Against this background, how does one measure the 
success of American surgery? 

At first glance this would appear to be easy. If one 
compares the treatment of wounds as described in the 
Smith Papyrus it is clear that the only treatment really 
available was the body's natural defenses. There were 
no technical procedures available for surgical correc- 
tion of defects produced by wounds: there was, of 
course, no anesthesia nor asepsis. This led, some 
7,000 years ago, to the categorization of 1) *‘an ailment 
which I will treat," 2) “an ailment with which I will 
contend,” and 3) ‘‘an ailment not to be treated.’’ While 
effective treatment was totally lacking, the powers of 
observation were outstanding at this time including a 
description of the brain, ligaments, physiologic ob- 
servations including the pulse as well as observations 
of functions of the nervous system. 

If we take the same injuries in a patient today, the 
successes are truly remarkable. One sees a patient who 
has been transported quickly, resuscitated early, given 
physiologic support in the form of blood, fluid and 
electrolytes, and had a detailed surgical approach to 
correct the deficit. In addition, one sees biologic 
monitoring in its fullest form and sees organ support 
in a variety of forms, whether cardiac, pulmonary, 
renal, nutritional or others. This, in a patient who had 
the surgical procedure under painless anesthesia and 
with strictest aseptic technique. If one looks, at the 
American contributions beyond anesthesia, it is quickly 
apparent that most of the biologic support systems 
were results of advances in surgery made largely by 
Americans. It should be quickly added that these ad- 
vances were not made by surgeons alone or by Ameri- 
cans alone. 

As one looks through the advances in surgery as dis- 
played through the scientific papers and discussions 
which have occurred at the American. Surgical Asso- 
ciation, it is rather astounding to see the advances 
from the acceptance of asepsis to the development of 
open heart surgery and transplantation of organs. 

The scholarly Cheever, in his Presidential Address 
before this body in 1889,3 discussing the future of 
surgery, gave under the heading of ‘‘operations that 
were on trial," such procedures as resection of the 
pylorus, resection of cancerous intestine, removàl of 
the spleen, of large bronchoceles of the larynx, the 
pancreas, the prostate gland, the normal ovary, the. 
uterus, and tapping the ventricles of the brain. Dr. ` 
Charles Powers, in a Presidential Address in 1915. 
stated, "With the exception of the removal of the 
normal ovary, all of these are now ordinary pro- 
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cedures of today, and that to these fields many others 
have been added." Powers, in that same address, 
said that American students and teachers have con- 
stantly added to the knowledge gained from travels 
around the world and have added in their own right 
"the surgery of the brain and the spinal cord, of the 
thyroid gland, of the breast, the abdomen, especially 
the appendix, the gallbladder, the stomach, the du- 
odenum and the large intestine, gunshot wounds of 
the abdomen, surgery of the urinary bladder, prostate 
gland, cardiovascular system, and joints, to mention 
just a few special regions. In 1937 Dr. Evarts Graham 
pretended that Dr. Samuel D. Gross was attending a 
meeting. A part of this fictional dialogue might read: 


Doctor Gross: Gentlemen, it is a great pleasure to 
me to see that the American Surgical Association 
is still an active organization. In the 58 years that 
have elapsed since its first meeting many changes 
must have occurred both in surgery itself and in this 
Association. 


The President: Yes, Doctor Gross, you will scarcely 
believe me when I tell you of some of the achieve- 
ments of surgery. In the larger clinics of the present 
time operations on nearly all of the organs and systems 
of the body are performed almost daily with mortalities 
which would seem incredibly low to you if I should 
tell you of them. 


Doctor Gross: You must be exaggerating, Mr. 
President, when you speak of operations on nearly 
all of the organs of the body as of almost daily oc- 
currence. Doubtless you are referring only to the 
abdominal and pelvic organs. Surely you do not mean 
to include such organs as the brain, the thyroid, the 

` lungs, and certainly not the heart. 


The President: No, I am not exaggerating. Even 
the organs which you mention are frequently the 
point of attack of operations today, and I might 
mention others which may seem even more strange 
to you, namely the adrenals and the pituitary gland. 


If Dr. Gross were here today with the addition of the 
surgical accomplishments that have occurred even 
since 1937, I believe he might truly be astounded. The 
development of open heart surgery, peripheral vascular 
surgery, transplantation surgery and biologic support 
have all occurred since Dr. Graham's comparative 
remarks. 

As technologic advances, in many fields, as well as 
biologic advances occur, success becomes more 
difficult to measure. In a milestone study published in 
Science in 1976,» Comroe and the late Dr. Robert 
Dripps reported the scientific basis of the support of 
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biomedical research. These respected investigators 
examined clinical advances since the early 1940's, 
specifically in the field of cardiovascular and pulmonary 
diseases. The top ten clinical advances in cardiovascular 
and pulmonary medicine and surgery in the last 30 years 
were evolved by asking 40 physicians to list the 
advances they considered the most important for their 
patients. These selections were then divided and sent to 
another 50 specialists in each field asking each to vote 
on the list and add additional advances they believed 
belonged on the list. Their votes selected the top ten 
advances. With the help of 140 consultants Comroe and 
Dripps identified the essential bodies of knowledge that 
had to be developed before each of the ten clinical ad- 
vances could reach their current state of achievement. 

As their study pointed out, general anesthesia was 
first put to use in 1846 and it was not until 107 years 
later that John Gibbon performed the first successful 
operation on an open heart with complete cardio- 
pulmonary bypass. For all ten advances they identified 
137 essential bodies of knowledge. To arrive at these 
conclusions they examined 4,000 published articles; 
2500 specific scientific reports were particularly im- . 
portant to the development of one or more of the 137 
essential bodies of knowledge. From this, 529 key 
articles were selected as prerequisite background to 
this one major clinical advance. 

Another approach was taken by the Research Com- 
mittee of the Study of Surgical Services in the United 
States sponsored by the American Surgical Association 
and the American College of Surgeons and completed 
in 1975.'* 

This Committee, under the chairmanship of Dr. Mar- 
shall Orloff, undertook the identification of important 
contributions of surgical research to health care from 
1945 to 1970 and attempted to present data on the effect 
of these important surgical research contributions on 
the mortality and morbidity of disease as well as a 
cost-benefit analysis of surgical research. The Com- 
mittee realized that discoveries in fields far removed 
from surgery, as previously pointed out in the Comroe 
and Dripps study, such as the discovery of penicillin, 
have profoundly influenced the care of surgical patients. 
Similarly, some research work performed by surgeons 
had substantial impact on fields unrelated to surgery; 
but for purposes of the SOSSUS Committee Study it 
seemed that the appropriate definition of surgical 
research was "research work performed by surgeons. `’ 

After extensive surveying the Committee identified 
important surgical research contributions by general 
category (Table 1). Contributions which were not made 
solely by surgeons or were reported in some part prior 
to 1945 were excluded. 

An example of the effect of some important surgical 
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research contributions on the mortality rate for one 
year, 1970, alone, is really impressive. The 15 surgical 
research contributions played a major role in the salvage 


, of a total of 78,538 lives in this year alone. If the number 


of lives saved was calculated for every year following 
introduction of a research advance, not just 1970, when 
the figures were summed, the preservation of life would 


clearly prove to be very large. 


Some striking estimates of change in morbidity, 
measured for example, by days of hospital stay, can be 
documented. Consequently, a remarkable change in 
morbidity can also be measured (Table 2). 

The cost-benefit analysis of some major advances in 
surgical care and research were examined with relation 
to direct and indirect cost-benefit analysis. Direct 
costs are included and indirect costs reflect loss of eco- 
nomic productivity (Table 3). The total costs in 1970 of 
research in fields related to the 15 surgical research 
contributions were $47.3 million and the total cost 
savings in the diseases affected by these advances 
were $2.83 billion. The yield is a net benefit of $2.78 
billion and benefit-to-cost ratio of 60 for this one 


. single year. 


Another way to look at cost benefits from advances 
in American medicine is through the use of actuarial 
data worked out through Mutual of New York actuaries 
(Table 4). Here is shown the remarkable increase in 
life expectancy in the United States. Also shown is the 
cost of health care as a percentage of the gross national 
product. 

The U.S. population produces the gross national 
product (Table 5). If it is assumed that all health care 
expenditures go toward improving life expectancy then 
from 1970—1977 the monetary benefit was 22 times 
the cost, or over five billion dollars. 

Certainly longevity does not improve solely from 
health care improvements, but neither do these calcula- 
tions include increased productivity from quicker 
recovery and lowered morbidity. Nor do they include 
the nonmonetary benefit of being healthy. 

Another major reason for success in research by 
the surgical biologist relates to funding of biomedical 
research (Fig. 2). Prior to World War II, research 
played a relatively minor role in the nation at large and 
certainly in academic institutions. The total national 
expenditure for medical research in 1940 was $45 
million of which more than half was expended by and 
within industry, mainly for private oriented research. 
The Federal government's investment in biomedical 
research amounted to only $3 million; today that figure 
is over $3 billion. Although a number of important 
advances resulted from medical research during the 
pre-World War II era, particularly in regard to control 
of infectious diseases by immunization, the rate of 
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TABLE 1. Important Surgical Research Contributions from 1945 
to 1970 —Questionnaire Survey of Specialists 
in General and Thoracic Surgery 








Per Cent 
Selecting 
Frequent selections 
cardiopulmonary bypass and open heart surgery 100 
kidney transplantation 92 
arterial replacement by grafts 92 
vagotomy and antrectomy for peptic ulcer 68 
intravenous hyperalimentation 55 
prosthetic heart valves 47 
hemodialysis 32 
hormone effects on cancer 29 
closed chest resuscitation of cardiac arrest 29 
resuscitation and topical chemotherapy of burns 26 
cardiac pacemakers 21 
cancer chemotherapy 21 
Zollinger-Ellison syndrome 16 
portacaval shunt 13 
metabolic response to trauma 13 
coronary bypass for coronary artery disease 13 
endocrine surgery 13 
joint replacements 13 
Excluded by definition 
fluid and electrolyte therapy* 47 
controlled ventilation** 42 
physiological monitoring* 32 
blood transfusions and banking** 26 
treatment of shock** 13 
antibiotics* 13 
pulmonary resection? 8 


Infrequent selections 
ileal conduit 
operations for hypertension 
fiberoptic endoscopes 
cancer immunotherapy 
no-touch technique for colon cancer 
advances in neonatal physiology 
prospective randomized clinical studies 
colectomy for ulcerative colitis 
endarterectomy 
thiouracil for hyperthyroidism 
artificial organs 
pathophysiology of reflux esophagitis 
small bowel bypass for hyperlipidemia 
ammonia intoxication in man 
surgical staging of Hodgkins disease 
Fogarty balloon catheter 
L ——É€ ——— M —— — ——— 
* Not developed solely or mainly by surgeons. 
+ Developed prior to 1945. 
Printed with permission from: Surgery in the United States.'* 


discovery was slow by recent standards. The 25-year 
period between 1945 and 1970 was a golden era in 
biomedical research during which substantial financial 
support and enormous advances in the prevention and 
treatment of disease were accomplished. ; 


Funding for surgical research followed a pattern" 


similar to that of biomedical research in general after 
World War II. While no specific accounting of research 
done entirely within surgery is available, one can see 
that a significant amount of total research expendi- 
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. TABLE 2. Changes in Days of Hospitalization for Disease, 1960 —1970 


Hospital Days — 1970 











, Hospital Projected by 

Research Contribution Diseases Affected Days — 1960 1960 Data Actual Change 
1. Cardiopulmonary bypass Tetralogy of Fallot 22,466 25,440 19,714 —5,726 
; i Atrial septal defect 34,527 39,098 44,343 5,245 

2. Open correction of congenital Ventricular septal defect 35,864 40,611 32,038 —8,573 
cardiovascular disease == | ^ patent ductus arteriosus 34,688 39.280 20,217 — 19,063 

3. Closed correction of congenital | Coarctation of aorta 19,063 21,587 11,666 —9,921 
cardiovascular disease | — 
Total 146,608 166,016 127,978 — 38,038 
4. Kidney transplantation Acute nephritis 158,545 179,533 100,023 —79,510 
Nephrotic syndrome 92.643 104,907 104,763 — 144 
5. Hemodialysis Chronic nephritis 123.287 139,607 252.689 113,082 
Nephritis-unqualified 65,830 74,545 80,251 +5,706 
Total 440,305 498,592 537,726 39,134 


Reprinted with permission from Surgery in the United States." 


tures went to surgical departments (Table 6). Ob- 
viously, surgeons were also involved in several categories 
of basic science and other endeavors such as chemo- 
therapy which do not appear as research support for 
surgery. It appears, though, that about 12-15% of 
total research dollars was used by surgeons and surgical 
departments. 

There is no question that the tremendous research 
explosion and expansion of financial support of bio- 
medical research and the expenditures for surgical 
research played a major role in most of the important 
surgical research contributions made between 1945 
and 1970. It is doubtful that the development of open 
heart surgery or kidney transplantation or vascular 
grafting would have been possible without substantial 
research funds for the extensive experimental work 
that led to the development and clinical application 


of these discoveries. As pointed out in the SOSSUS 
study, however, because of the paucity of specific data 
prior to 1966, it is not possible to trace the direct rela- 
tionship between funding and each of the important 
research contributions identified. More often, as men- 
tioned in the Comroe and Dripps study, many important 
discoveries have their origins in experimental observa- 
tions made by scientists in several disciplines, some of 
which are remote from the field of ultimate application. 
It should also be mentioned that several in this Associa- 
tion were responsible in a major way for obtaining 
continuing support in the areas that appeared to be 
most promising and needed the most research within 
the allocation of national resources. There seems to 
be little question that the continued rapid rate of major 
advances and successes will be greatly enhanced by 
continued peer-reviewed research support. 


TABLE 3. Summary of Changes in Direct and Indirect Costs for the Year 1970 (Excluding Research Costs) 


Research Contribution Diseases Affected 


1. Cardiopulmonary bypass Tetralogy of Fallot 
Atrial septal defect 
Ventricular septal defect 
Patent ductus arteriosus 
Coarctation of aorta 


Total 


2. Open correction of congenital 
cardiovascular disease 

3. Closed correction of congenital 
cardiovascular disease | 





4. Kidney transplantation | Acute nephritis 

| Nephrotic syndrome 
Chronic nephritis 
Nephritis —unqualified 


Total 


5. Hemodialysis | 


Reprinted with permission from: Surgery in the United States." 
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Change Change in Indirect Costs Net 
in Direct Change 
Costs Mortality Morbidity in Costs 
(000's) (000's) (000's) (000's) 
$ -—580 $  —25,598 | $  —26,178 
+531 —22,625 $  —22,094 
— 868 — 26,279 —27,147 
—1,930 — 14,648 — 16,578 
—1,005 —8,306 —9,311 
—3,852 — 97,456 — 101,308 
— 16,628 — 117,415 $ +7,340 — 126,703 
4- 2,009 — 79,739 4,610 — 73,120 
3,171 
110.721 — 1,003,129 + 53,860 —935,377 
—727 — 1,200,283 +65,810 — 1,135,200 
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Opportunities and Surgical Potentialities 


The question might legitimately be asked today, 
‘Where are the opportunities in surgery and what are 
the possible potentials still available after this recent 
explosion of science, technology, and advances in 
patient care?" Warren Cole, in his American Surgical 
Association Presidential Address, noted that surgery 
ultimately may come to be only the surgery for trauma 
and congenital deformities, and even the pathogenesis 
of congenital deformities may be solved. Meade," in 
his remarkable book, An Introduction to the History of 
Surgery, has said, 


I cannot finish this without noting that as medicine 
has advanced, the role of surgery has decreased. 
The day will certainly come when surgery will be 
done only to correct the effects of trauma and con- 
genital abnormalities and advances have been made 
which may make congenital defects common only in 
backward areas. 


Certainly, most who have thought about the future of 
surgery come to the same conclusions. However, it 
should be quickly added that these eventualities will 
probably not occur in any of our lifetimes. 

What, then, are the major unsolved problems in the 
care of surgical patients? One approach to identifying 
the frontiers of surgery was made by the previously 
referred to Committee Report involving examination 
of the major causes of death, disability and economic 
costs along with the potential capabilities of surgical 
research to reduce these liabilities (Table 7). The 
SOSSUS Report shows the conditions that were 
responsible for the largest number of deaths and the 
ranking of the economic costs of those conditions in 


TABLE 4. Expectation of Life at Birth in the United States ( Years) 


a aaaea 


White All Other Total 


Year M F Total M F Total M F Total 
ci ENEEEUUEEMEDUEMMEMME. i 
1900 46.6 48.7 47.6 32.5 33.5 33.0 46.3 48.3 47.3 
1950 66.5 722 69.1 59.1 62.9 60.8 65.6 71.1 68.2 
1970 68.0 75.6 717 61.3 69.4 65.3 67.1 74.8 70.9 
1977 70.0 777 73.8 64.6 73. 68.8 069.3 77.1 73.2 


nnn  —— 


Total Health Care Expenditure 


Amount 
Year (in millions) Per Cent of GNP 
re a a MUN MEE d£. 
1950 $ 12,662 4.5 
1970 $ 71,573 1.3 
1977 $162,627 8.8 


NENNEN DMÉcx i r1 
Data provided by R.L. Lindsay, Chief Actuary, and K. Sung, 
Corporate Actuary, Mutual Life Insurance Company of New York. 
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TABLE 5. Health Care Cost Benefits 





1) The U.S. population produces the GNP each year. 
2) Assume Health Care costs all go to increase life expectancy. 


3) 1950-1970 
Average annual increase in life expectancy = .135 years ` 
which equals an increase in GNP of 13.5% 


Health Care expenditures increased from 4.5% of GNP 
to 7.3% = 2.8% of the GNP 


Therefore, the payoff is 5 times the cost. 
4) 1970-1977 


Average annual increase in life expectancy = .33 years 
which equals an increase in GNP of 33.0% 


Health Care expenditures increased from 7.3% of GNP 
to 8.8% = 1.5% of the GNP 


Therefore, the payoff is 22 times the cost. 


a aaaeeeaa 


Data provided by R.L. Lindsay, Chief Actuary, and K. Sung, 
Corporate Actuary, Mutual Life Insurance Company of New York. 


which surgery played an actual or potential role in the 
year 1970. From these data it is possible to identify a 
number of important problem areas where surgical 
research may provide solutions. 

It should be emphasized, however, that many im- 
portant scientific discoveries of practical clinical 
importance had their origin in basic biomedical re- 
search performed in areas either remote or related to 
ultimate clinical application. As Dr. James A. Shannon, 
the remarkable Director of the National Institutes of 
Health at the time of its initial explosion into scientific 
research, has written in his assessment of the role 
of the NIH:?? 


Knowledge of life processes and of phenomena 
underlying health and disease is still grossly in- 
adequate. In the absence of broad general theory, 
such as exists in the physical sciences, the develop- 
ment of diagnostic, therapeutic, and preventive 
capability will continue to be dependent upon em- 
pirical approaches, serendipity, and the intuitive 
brilliance of too few gifted individuals. Therefore, 
the hope of major advances lies in sustaining broad 
and free-ranging inquiry into all aspects of the 
phenomena of life, limited only by the criteria of 
excellence, the scientific importance, and the serious- 
ness and competence of the investigator. 


Similarly, in the previously referred to Comroe and 
Dripps report in Science in 1976,? it was stated, ''It is 
easy to select examples in which basic undirected 
nonclinical research led to dramatic advances in clinical 
medicine and equally easy to give examples in which 
either clinically-oriented research or development 
was all important.” In that study, 41% of all work to 
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be judged essential for later clinical advance was not 
clinically oriented at the time that it was done. Con- 
sequently, it seems clear that patient care initiated basic 
or applied research will be the future cutting edge for 
advances in surgery, since 60% of all such work was 
clinically related. 

During the past 25 years, on a more personal note, I 
have been actively involved in the medical school 
education in surgery of some 2,000 medical students 
and in the complete surgical training of over 120 surgical 
residents. During this experience I have often been 
asked by students and residents alike whether there is 
really any opportunity in surgery today. My answer 
is always the same; that is, there is limitless opportunity 
in surgery today, whether in practice, teaching, research 
or any combination of the three. 





FiG. 2. U.S. biomedical research support (excludes 
research training and construction). Reprinted with 
permission from Surgery in the United States.'* 





The Challenge Which Can be Projected Based on the 
Start of American Surgery 


Based on the place American surgery has attained 
in medicine, and given the opportunities and po- 
tentials, what of the future? 

Certainly it would not be fair to project into the 
future without at least recounting some of the hazards 
and pitfalls to be encountered. To quote from Dr. 
Beahrs' address last year,! 


In the past, our primary interests have revolved 
around the art and science of medicine. The socio- 
economic issues affecting medicine and health care 
were only secondarily of interest. Today we are 
embroiled in controversy regarding the administra- 
tive structure of providing health care, cost con- 


TABLE 6. NIH Research Project Grants by Primary Medical Specialty, 1966 —1970 


FY 1966 FY 1967 
Num- Amount Num- Amount 
Medical Specialty ber (000's) ber (000's) 
Internal* medicine 3,576 | $99,173 3,700 — $111,421 
Pathology 974 28,234 1,0:5 30,776 
Oncology 635 26,028 587 26,860 
Surgery and surgical 
* specialties 687 19,263 743 22,195 
Psychiatry and 
Neurology 489 14,512 578 17,532 
Chemotherapy 413 11,991 447 14,271 
Pediatrics 329 10,688 336 10,098 


Reprinted with permission from: Surgery in the United States." 
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FY 1968 FY 1969 FY 1970 
Num- Amount Num- Amount Num- Amount 
ber (000's) ber (000's) ber (000's) 
3,493 $117,496 3.137 $110,672 2,789 $103,202 
896 28,673 805 26,878 TTA 25,723 
506 25,617 427 23,119 383 20,983 
665 22,457 676 22,235 598 21,186 
553 17,075 515 15,904 460 13,582 
454 15,660 402 15,109 370 13,779 
297 9,375 279 8,998 265 8.076 
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tainment, quality assurance of medical service, 
liability for unfavorable results, malpractice, re- 
certification, relicensing, medical manpower and its 
distribution, second opinions and unnecessary 
surgery. 


Certainly the impact of surgery on human illness 
in society must be appraised in parallel to advances 
in specific surgical care. 

Dr. Francis D. Moore? said to this association in 
1969, ‘‘Some might say that this emphasis on the social 
interface of surgery denies further development on the 
base of biomedical science. I say: not at all.” 

Dr. David D. Thompson," Director of The New 
York Hospital, has said, 


Only yesterday, we had no welfare crisis because 
people quietly starved to death without headlines. 
We had no health crisis because it was tacitly under- 
stood that first class health care was a privilege, 
whereas now it is expected as a right. The ghetto 
was there, though it may have been called "Hell's 
Kitchen"; we did not venture into it at night and, 
except for very few, it was no burden on the public 
conscience. Our failure has been a failure of vision; 
we are failing today because, at long last, we are 
measuring our performance against higher goals, 
goals more consistent with the promise of better life 
for all our people.” 


In addressing the hazards of overregulation, Mr. 
Willis B. Goldbeck, Director of the Washington 
Business Group on Health, in an address to the Secretary 
of Health, Education and Welfare in October, 1977," 
stated it very well: 


Contrary to popular rhetoric, the United States 
does not have a health care crisis. If anything, we 
have a crisis of affluence, of successfully develop- 
ing a super medical system that is doing exactly what 
we pay it to do. As a population, we have never been 
healthier. Our technology and professional skills are 
a magnet for the great brains and most seriously 
ill people from around the world. In short, we must 
be doing something right. Even most of our con- 
temporary illnesses are products of our affluent 
lifestyles rather than unsolved medical mysteries. 

Unfortunately, we are also doing some things very 
wrong. Your NIH Advisory Committee heard and 
saw more than enough examples in Watts and East 
Los Angeles, in the chaos of Los Angeles County 
Hospital, in the 49-year life expectancy of the south- 
west Texas migrants, in the waiting lists for the adult 
mentally retarded residences in Wisconsin . . . the 
list is too long. 

Fortunately, few Americans fall into the gap areas 
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TABLE 7. Ten Leading Causes of Déath in the United States in 1970 
Rate 
Number (Per 100,000) 
l. Ischemic heart disease 666,260 326.2 
2. Cancer 330,840 162.0 
3. Cerebrovascular disease 207,800 101.7 
4. Accidents, suicide, homicide, 
other external injuries 153,890 74.8 
5. Nonischemic heart disease 
(all forms) 69,800 34.2 
6. Pneumonia 58,450 28.6 
7. Diabetes mellitus 37,820 18.5 
8. Cirrhosis of liver 32,560 
9. Arteriosclerosis (other than 
heart and brain) 32,400 15.9 
10. Bronchitis, emphysema, asthma 30,340 14.9 


Reprinted with permission from: Surgery in the United States." 


| just mentioned. For most, the delivery system, 
while too expensive, works quite well. 

Therefore, the first task facing both public and 
private sectors should be eradicating those serious 
problems while retaining the good qualities of our 
existing system. There is no single, uniform, national 
solution. 


Another statement of the creeping hazard of inter- 
ference and incursions was stated by Dr. William H. 
Muller in his Presidential Address at the American 
College of Surgeons: '" 


The decade that began in 1966, when Medicare 
and Medicaid were introduced, has been termed "the 
decade of regulation." Health care continues to be 
a target of regulation today. The 2,883 health-related 
bills introduced into the 95th Congress represent 
approximately 1196 of the total. The Office of the 
Federal Register reports that 61,000 pages of regula- 
tions were published in 1973, compared to 20,000 
in 1970, an increase of more than 300%. Federal 
and state governments enact these numerous regula- 
tions each year for social, economic, political, and 
other reasons, supposedly to benefit society. Although 
some regulations are needed, others border on the 
absurd, are difficult if not impossible to administer, 
and may be conflicting or contradictory. 


I would further add that the fear of incursions has 
created the development of some internal bureaucracies 
which may, in fact, be more cumbersome than the 
external bureaucracy imposed by State and Federal 
regulatory agencies. The phenomenal amount of time 
of productive people wasted in meaningless council 
meetings within the new internal bureaucracy of coun- 
cils and liaison committees as they exist concerning 
medical education is a prime example. These excursions 
into stifling overregulation then must be recognized 
as a part of the challenge of the present and the future. 


o 


P; 


280 


TABLE 8. Declining Medical Student Interest in Clinical Research 


1. Percent students (Harvard) assigning high priority 
to research* 
1963 — 49% 
1976— 2% 


2. Per cent students (AAMC) stating research would 
be a component of their careert 
1960 — 39% 
1979—20% 


* Funkenstein, D. H.: Medical Students, Medical Schools and 
Society During Five Eras: Factors Affecting the Career Choices of 
Physicians, 1958—1976. Ballinger Publ. Co., Cambridge, Mass., 1978. 

+ Association of American Medical Colleges 1978 Medical Student 
Graduation Questionnaire Survey AAMC: Washington, D.C., 1978. 

Reprinted with permission from: Clinical Research Manpower.* 


We have said earlier that there have been three 
identifiable surgical renaissances in history, each 
shorter than the preceding one. It is interesting that the 
leaders in medicine who are responsible for these 
specific rebirths were acting in concert with the develop- 
ment of civilization at that time. For example, the first 
great renaissance in Hippocrates’ time was the ‘‘Golden 
Era of Knowledge" in the Greek civilization. The 
second great renaissance occurred at the time of what 
historians have described as ‘‘The Renaissance” in 
the world. This was the explosion of knowledge that 
followed the Dark and Middle Ages all over the civilized 
world. The third. great renaissance, at the middle of 
the 19th Century, occurred at a time of remarkable 
expansion. Certainly this is attested to by one of the 
two great discoveries, anesthesia, having been entirely 
an American phenomenon. The other, the role of sepsis, 
was also born of Lister and the others at a time of re- 
growth in the British Isles. 

I would like to propose that we are now experiencing 
the fourth great surgical renaissance. If one looks at 
the development of modern surgery in America be- 
ginning in the middle of the 19th century one can see 
remarkable growth in educational, practical and tech- 
nical aspects of surgery almost beyond belief for the 
next. 100 years—the spectacular advances and the de- 
velopment of the surgical biologist has only begun 
since approximately 1945. In 1945, having survived 
the Great Depression and having defeated Hitlerism, 
we in this country possessed a tremendous optimism. 
There followed an extraordinary explosion of experi- 
mentation and development— financial, political, social, 
technical and scientific. The remarkable developments 
of open heart surgery, transplantation surgery, pe- 

Jipheral vascular surgery, and the phenomenal survival 
rates for patients with multiple severe injuries and 
burns all depended on new biologic research and care. 

As we have mentioned earlier, most of these great 
advanceg have been built in concert with many other 
scientists and practitioners. Nevertheless, it is also 
` true that the scientific and technologic explosion which 

has occurred in this country has evolved in the short 
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35 years since World War II. It seems perhaps strange 
to say that the third renaissance lasted only 100 years 
but in point of fact it would appear to me that the de- 
velopment of surgical biology which began in 1945 is, in 
fact, a fourth renaissance, and again, parallels the 
change in civilization which has been so striking in 
this period of time. Poliomyelitis has been conquered; 
man has been to the moon; atomic energy has been 
developed. 

The surgical biologist, to be sure, includes those 
who do biologic research. Nevertheless, the surgical 
biologist is teaching surgery based on all of the old 
anatomic- pathologic advances but, in addition, it is 
based on the physiologic and biochemical knowledge 
which has developed in this technologic age. Similarly, 
the practicing surgeon of today is truly a surgical 
biologist. The remarkable development of technical 
skills during the past 100 years is ever present; never- 
theless, when one looks at the diagnostic acumen, the 
operative support, the postoperative care and sup- 
portive systems including use of blood and blood prod- 
ucts, fluid and electrolytes, nutritional support, pul- 


monary —cardiovascular- renal monitoring and support . 


to patients it is truly staggering the number of sick 
patients who are helped to a better life today that would 
not have been possible even 35 years ago. 

Consequently, I believe the emergence of surgeons 
as surgical biologists in the past three decades is and 
should be recognized as truly the fourth surgical 
renaissance. 

Perhaps the key to the future in surgery is the preser- 
vation and further development of the surgical biologist. 
This includes the practitioner, the teacher, and the re- 
searcher. Many of the fathers of surgical biology such 
as John Gibbon, Carl Moyer, and Lester Dragstedt 
are recently deceased members of this Association. 
Most are still living and are in this Association. Ex- 
pansion and promotion of the role and role-model of 
the surgical biologist must, therefore, be the challenge 
if this is to be the fourth surgical renaissance. 

There is already national concern that there is a de- 
cline in the ability to recruit all kinds of medical 
biologists. 

Some striking findings have already emerged: Med- 
ical student interest in clinical research is declining 
(Table 8).* A study at Harvard Medical School showed 


TABLE 9. Declining Number of Physicians Training 
for Research Careers 





1. M.D.s in NIH supported research programs 
1971 — 4600 
1977 — 1790 


2. Proportion of M.D.s in postdoctoral training 
1968 — 46% 
1977 — 2096 





Reprinted with permission from Wyngaarden, JB." 
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the percentage of graduating students assigning high 
priority to research dropped from 49% in 1963 to 2% 
in 1976. The percentage of students overall electing 
a research career is declining. 

The number of M.D.’s in research training programs 
supported by the National Institutes of Health has 
fallen from 4600 in 1971 to 1790 in 1977. The propor- 
tion of M.D.'s in the postdoctoral research training 
pool has fallen from 4646 in 1968 to 2096 in 1977. 

Other evidence (Table 9)!” is seen in that in 1966 
4406 of competing research grant awards to new 
principal investigators were made to M.D.'s. In 1978 
this had been reduced to 2346 of the total number of 
new grants and awards going to M.D.s. 

This data graphically shows the trends which are so 
disturbing. 

Certainly there are other forces which tend to negate 
the powerful improvement in the art and science of 
surgery. For example, the modus operandi of some of 
the new breed of ‘‘intensivists’’ is designed to separate 
the surgeon from the detailed postoperative care so 
critical to survival of a patient with severe illness or 
injury. This is not to say that the specialist who has a 
particular expertise in the support of organ systems 
such as cardiac, pulmonary, renal, etc., cannot be a 
useful consultant. Certainly they can. But the practice 
of turning the patient over to someone else for total 
care during a critical pre- or postoperative time should 
be abhorrent to every surgical biologist. 

Similarly, teaching curricula in some medical schools 
are designed to have the surgeon teach primarily as an 
applied anatomist. Some lecture schedules are, in fact, 
designed so that all physiologic teaching and teaching 
of recognition and correction of disease by surgical 
means is not taught by surgeons. Consequently, I be- 
lieve that the threat to surgical biologists is real. Fur- 
thermore, it should be recognized that this new breed 
in this fourth renaissance may well determine the future 
and the quality of surgical care in the world. 

In a more general way it is disturbing to see the 
loss of bright, talented, gifted, energetic students to the 
discipline of surgery. Certainly it is disturbing to see 
this trend generally explained by the phraseology, 
"We don’t like your lifestyle’ — what our students see 
and hear is pessimism, not the optimism of 1945, fear 
of a catastrophe, nuclear or otherwise, wasted time 
in ponderous administration and overregulation, de- 
crease in availability of research, teaching and prac- 
tice opportunities. 

It seems that it is our responsibility to recreate the 
enthusiasm, the environment for productivity which is 
fun and satisfying above all. We must focus on the 
progress and the potential in surgery. 

The question could then be asked, "Are there 
bright, talented, gifted, energetic students who in fact 
will pick up the challenge and get out on the surgical 
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frontiers?” I maintain that there are. I would also main- 
tain that since, at this point in time, this is not a popular 
choice, those who elect to avail themselves of the 
opportunities and the potential may have a more dif- 
ficult time becoming the trailblazers. Nevertheless, 
the difficult times experienced along this road will make 
them even tougher and probably better trailblazers 
than their forebears or when the going gets tough, the 
tough get going! 

The necessary protection of scientific and technologic 
advances to promote the art of healing to the highest 
degree will have to come from us, from organized sur- 
gery and the societies of surgery. We must create the 
environment for recruitment and productivity. We 
must eliminate the gaps in care while narrowing the 
voids in knowledge. 

Peer reviewed support for research from the NIH 
and elsewhere must be maintained in this modern 
world. This is not always easy, and work within the 
private sector, as well as the Congress and the In- 
stitutes themselves is critical and essential. Strong 
support by all of us is mandatory if we are to accept 
the challenge of the fourth surgical renaissance, that 
is—surgical biology; surgery based on biomedical 
science. 
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The Peaks of Excitement 


MARK M. RAVITCH, M.D. 


AM GRATEFUL to the Council of the American 
I Surgical Association, who in 1975 charged me with 
the pleasant and instructive task which has occupied 
me and my superb office staff for the several years 
since, and I am grateful to Dr. G. Thomas Shires, 
the first president of the second century of the Associ- 
ation, and to the Program Committee, for providing 
this opportunity for me to share some of the fruits 
of those labors with you. 

We were, in fact, conceived, organized and launched 
to success by that most illustrious American surgeon 
of his time, Samuel D. Gross, President for the first 
four years, writer of books, monographs, papers and 
the great System of Surgery, Professor at Louisville, 
at Cincinnati, at the University of the City of New 
York, and at Jefferson, almost as many schools as your 
current President, and this speaker, the last being an 
indicatian that this is not necessarily the route to pre- 
eminence. The founding of the Association is a fas- 
cinating chapter and we might have gone on here to 
mention William T. Briggs, of Nashville; William W. 
Dawson, of Cincinnati; Louis A. Dugas, of Augusta, 
Georgia; and Moses Gunn, of Chicago, who in 1880 
signed the first "Call for a Meeting." It was a tempta- 
tion today to expand on the colorful and illustrious 
figures who starred our history — Nicholas Senn, the 
great experimentalist, who almost annually prepared a 
formal, full-dress monograph for presentation before 
the Association dealing with air embolism, cicatriza- 
tion in blood vessels after ligature, fractures of the neck 
of the femur, internal fixation of fractures, surgery 
of the pancreas, the relation of micro-organisms to 
injuries and surgical diseases, and others, running to 
125 and 245 pages; the incomparable Rudolph Matas 
of endoaneurysmorrhaphy fame, who for more than 
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five decades presented and discussed papers before 
the Association on an extraordinary range of subjects 
with brilliant eloquence, and at excruciating length, 
at times for as long as three hours; J. B. Roberts, of 
Philadelphia, an unsung hero who was so repeatedly 
ahead of his time, in relating stress ulcers to Curling’s 
ulcer, in advocating the suprapubic approach to the 
prostate, and in predicting in 1887, on the basis of 
experiments done here and there about the world, that 
the heart would be operated upon, at the very time 
that Billroth was saying that the heart would forever 
be a noli me tangere; the two Nobel Laureates among 
our active members, Alexis Carrel and Charles Hug- 
gins, and Theodor Kocher, the single Laureate among 
our Honorary Members, who included from our 
earliest days the illustrious surgeons of the world — 
Lister, Billroth, von Eiselsberg, Czerny, Macewen, 
Mikulicz. 

It would have been equally fitting to devote today's 
discussion to those men whose contributions have 
been recognized by the Association in the award of 
its Medallion for Scientific Achievement. Each of them 
was awarded the Medallion for contributions and 
services in multiple areas apart from those which leap 
at once to mind. You will recognize in these lovely 
snapshots by Henry Bahnson two of the giants of their 
time, Lester Dragstedt, who contributed so much to 
the understanding of gastric physiology and the treat- 
ment of duodenal ulcer, and Owen Wangensteen, 
equally interested in gastric physiology and duodenal 
ulcer, a great contributor in intestinal obstruction, 
the founder of a great and productive surgical uni- 
versity clinic, and the annual propounder of new 
theories and treatments which sent everyone back 
to the laboratory and the clinic to prove or disprove 
before the meeting the following year. Robert E. 
Gross, the brilliant pioneer in innumerable phases of 
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pediatric surgery, the first to ligate a patent ductus 
successfully, and for years an innovator and incredible 
performer in cardiac surgery. Robert Zollinger, of the 
Zollinger-Ellison syndrome; Francis D. Moore, whose 
long continued precise, intricate and imaginative 
studies of fluid and electrolyte balance and its regula- 
tion have been an important contribution to clinical 
management and have done as much as anything to 
bring the scientific method to clinical practice. He also 
carried the huge burden of the Surgical Manpower 
Committee in SOSSUS. Jonathan Rhoads, whose 
life-long studies in the nutrition of the surgical patient, 
following naturally from the previous interests of his 
predecessor, I. S. Ravdin, in the same field, finally 
led to its natural culmination in total parenteral intra- 
venous alimentation by Stanley Dudrick, once the 
technology of central venous administration of hyper- 
osmotic fluids became available. All of the Medallion 
recipients but Dragstedt and Gross have, of course, 
been your presidents. 

Many more of you present and many, many more 
in the past deserve mention, and appear in the volumes 


: of the history,+ in excerpts from the papers, in the 


discussions to which they and you contributed, some- 
times with prescience, often with wit, occasionally 
with invective, and in the sketches which accompany 
the portraits. I might warn you, by the way, to give 
some thought today to the matter of the author of the 
"Memorial" as it is called, which will one day be 
written for each of you. Some of them have been re- 
markably candid—thus Astley Paston Cooper Ash- 
hurst writing in the memorial for John B. Deaver, 


Though Doctor Deaver found his inability to write 
English correctly a great handicap, he was not 
thereby deterred from his ambition to shine as an 
author; but, like Agnew before him, by associating 
with himself younger men possessing an adequate 
premedical education, he was enabled to appear 
before the profession as the author of numerous 
monographs on topics of ephemeral if current 
interest. 


I have chosen, however, to share with you today 
the excitement which appears in the Transactions at 
repeated peaks of progress—the debate on Listerism, 
the reaction to the introduction of the sulfonamides, 
the initial reports of cardiac and aneurysm surgery, 
and the beginning of transplant surgery. Certainly, 
the use of intravenous fluids and electrolytes, colloid 
solutions, blood products and the establishment by 
Dallas Phemister, and particularly by Alfred Blalock, 
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of the nature of surgical Shock, would have been 
equally deserving of mention, but these advances 
came gradually and over a much longer span of time. 


Listerism 


Joseph Lister had published his first paper on anti- 
sepsis in March, 1867, and by the time of the founding 
of the Association in 1880, the antiseptic principle 
was established on the continent, becoming accepted 
in Britain, but disputed in the United States. James L. 
Cabell, of Charlottesville, at the 1882 meeting in a 
reasoned review of the literature, showed the sharp 
reduction in mortality from amputations and from 
ovariotomy as a result of Listerism, quoted various 
published figures showing a drop in the death rate from 
pyemia and shock after primary amputations of from 
62 to 25%, and cited the remarkable record of Lister’s 
own operations on joints, and on compound fractures 
—a series of almost uninterrupted successes. R. 
Beverly Cole, of San Francisco, rose to deny the 
validity of the germ theory of infection saying of 
Cabell's paper, "To my mind prejudice is stamped 
upon every page of that paper; not that its author is 
disposed to be unfair, that I do not believe '[!]. The 
plaintive plea of an old man overtaken by change came 
from H. F. Campbell, of Augusta, Georgia, who said, 
“I am getting old; and I am now too old, perhaps, 
to take up new things. I know that many younger men 
have taken it up. . . . I cannot." (He was then 12 
years younger than your speaker.) In any case, he 
doubted that '* microscopic germs cause suppuration.”’ 
J. W. S. Gouley, of New York, pioneer urologist, 
said, `I do not think that Listerism is going to die— 
it is dead. Few surgeons will long continue to use it." 
That was too much for R. A. Kinloch, of Charleston, 
South Carolina, who said simply, ‘‘Listerism is not 
dead. . . . I believe that we are yet to hear more of 
it." C. B. Nancrede, then of Philadelphia, defended 
Lister vigorously, cited the distinguished: surgeons of 
Scotland, Austria, Germany and France who had been 
converted and, in a gentle put-down, stated "'I feel 
confident that I possess one qualification," which 
several of the speakers have lacked, i.e., personal 
experience with the system. . . ." 

In the back and forth argument, Beriah A. Watson, 
of Jersey City, stated that the evidence in support 
of Listerism had persuaded ‘‘all the surgeons in Chris- 
tendom of the correctness of the principles on which 
it is based." Obviously some of the surgeons in Chris- 
tendom were not yet persuaded. J. H. Packard, of 
Philadelphia, rose to what he conceived of as the 
defense of his fellow Philadelphians saying, "IET d 
understood the essayist correctly, I must take excep- 
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tion to his statement that the majority of American 
surgeons have adopted Listerism . . . on behalf of the 
surgeons of Philadelphia, I feel warranted in saying 
that it has not in their hands yielded such results as to 
induce them to adhere to it." New York and Albany 
similarly disclaimed any taint of Listerism. Despite 
Cabell and Kinloch, the South was strongly repre- 
sented among the nay sayers. Thus, T. G. Richardson, 
of New Orleans stated, '' There is not a surgeon in our 
State who uses the Lister method,’ and C. H. Hastin, 
of Mobile, ‘‘I wish to state that there is not a surgeon 
in the State of Alabama who uses the Lister method 
now. We have ceased to use it entirely." But, onlv 
eight years later, the same Mastin, in his Presidential 
Address, said without a blush, *‘To-day, antisepsis 
followed by asepsis have emboldened the surgeon to 
undertake and to perform operations hitherto deemed 
impossible." 


Sulfonamides 


Domagk's report on prontosyl appeared in 1935, a 
little more than 50 years after our debate on Listerism. 
There was intense work on it in the laboratories and 
enormous excitement concerning its clinical effects. 
Perrin Long, of Hopkins, had brought sulfanilamide 
back to the United States, he and his colleagues were 
leaders in the biological investigation of sulfonamide 
action and the Association invited him to participate 
in the program as it had in the past other distinguished 
representatives of special disciplines — Reginald Fitz, 
for instance, in 1888, in the discussion of appendicitis, 
and again in 1907 when W. H. Mayo, of Rochester, 
and G. E. Brewer, of New York, presented papers 
on a new disease just making its appearance — divertic- 
ulitis of the sigmoid. At the 1938 sulfanilamide sym- 
posium, John S. Lockwood, of Philadelphia, whose 
own aortic saddle embolectomy would be dramatically 
reported to the Association in 1941 by I. S. Ravdin, 
opened a symposium on sulfanilamide, stating that 
the demonstrated effectiveness of sulfanilamide on 
streptococcal infections had "'reopened the entire 
field of chemotherapy in bacterial diseases . . . 
sulfanilàmide therapy, properly conducted, will bring 
about a high percentage of cures in many types of 
invasive infection and septicemia which, until this 
drug was introduced, had been almost uniformly 
fatal." Evarts A. Graham, of St. Louis, in discussion, 
reminded the Association that Domagk had found the 
agent "more effective in the prevention of Streptococ- 
cus peritonitis than it was in the cure of the disease 
after it had been produced.” At the Barnes Hospital, 
before operating upon empyema, they administered 
sulfanilamide for two days, and Graham suggested 
that the same principle might be applied to operations 
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for pelvic inflammatory disease. The miracle of the 
sulfonamides was explicit in Perrin Long's story, 


A resident from one of the leading Boston hospitals 
had lunch with me. He said, ‘‘You know, the other 
night at staff meeting, our resident was going over 
the records and he said, 'Say, do you know what I 
think? I think we'd better just give everybody who 
comes to the hospital sulfanilamide and if they're 
not well in five days, then we'll do a physical ex- 
amination.’ `’ 


Two years later at the 1940 meeting, there was great 
discussion on the local instillation of sulfonamides. 
J. Albert Key, of St. Louis, that salty orthopedic 
surgeon, who delighted in being a gadfly and pro- 
vocateur at the meetings, and in fact asked embar- 
rassingly acute questions about all sorts of nonortho- 
pedic subjects, now from his own laboratory and 
clinical experience, vigorously favored "the local im- 
plantation of sulfanilamide powder not only in con- 
taminated wounds, but also in clinically clean operative 
wounds where infection is especially to be feared or 
would be especially undesirable." Owen H. Wangen- ` 
steen said that Richard Varco had done 40 or 50 very 
complicated intestinal transposition operations plac- 
ing '*4 to 5 Gm. of sulfanilamide about the suture," 
and had only three deaths and not a single one from 
peritonitis. Henry F. Graham, of Brooklyn, com- 
mented that local use may be valuable, but it remains 
doubtful, as yet, whether the introduction of a foreign 
body directly into the wound is better than its sub- 
cutaneous or oral administration.” 

At the 1941 meeting, Warfield M. Firor and Edgar 
J. Poth, of Baltimore, cautiously discussed intestinal 
antisepsis with sulfanilylguanidine, making no greater 
claim than ‘*. . . we do not think sulfanilylguanidine 
has great merit of its own . . . its chief value is that 
it points the way to a new approach for making sur- 
gery of the large bowel safer.” 

At the 1943 meeting, Frank L. Meleney, of New 
York, reported the cooperative study on the preven- 
tion of infection in contaminated accidental wounds, 
compound fractures and burns, conducted in multiple 
civilian hospitals under the auspices of the National 
Research Council. Of our living members, Warfield 
M. Firor, Alton Ochsner and Guy A. Caldwell were 
members of the Committee on Medical Research, 
which supervised that study. Meleney said that un- 
fortunately, since there had been no experimental 
design at Pearl Harbor, nothing had been learned 
about sulfonamides from the treatment of the burn 
casualties. The disappointing conclusion of the civilian 
cooperative study was that *. . . the sulfonamides 
minimize the general spread of infections and cut down 
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the incidence of septicemia and death. . . . We have 
no evidence that they lessen the incidence of local 
infection when used as we have employed them. . . . 
*Evarts A. Graham, of St. Louis, expressed disap- 
pointment, 


. especially after the enthusiastic reports of the 
success of sulfonamides applied locally, particularly 
sulfanilamide, in the wounds at Pearl Harbor. I think 
almost every one was led to believe that, after all, 
now we have a panacea which might even perhaps 
minimize the necessity of surgical asepsis. That is 
certainly not the case. The day of Listerism is not 
yet gone. The sulfonamides will not replace surgical 
asepsis. 


John Lockwood mentioned penicillin, "*. . . we now 
have in penicillin what appears to be an even more 
powerful weapon in dealing with staphylococcic and 
Clostridium welchii infections." Anticipating what was 
to happen with antibiotics, Lockwood said, '. . . it 
is perhaps fortunate that the drug must be given paren- 
terally, and therefore, usually in hospitals, because, 

' apart from existing legal restrictions, this provides the 
only effective brake on the indiscriminate use of 
penicillin for all sorts of minor conditions." 

All of us here today can take pleasure in Dr. Mele- 
ney's tribute to one of our former Presidents and his 
chief, ©“. . . it is only fair to report at this time that 
we all feel that the most efficient unit in this study 
has been the one carried on here in Cincinnati by our 
good friends Mont Reid and William Altemeier.”’ 
This careful performance of aseptic surgery and 
meticulously precise reporting remained the hallmark 
of the Cincinnati school for the rest of our first century. 

One of the most dramatic reports at the meeting was 
that of D. E. Robertson, of Toronto, of the sulfon- 
amide-produced transformation in the prognosis of 
acute hematogenous osteomyelitis, the mortality 
dropping from 22 to 1.2%—no deaths in the last 12 
cases. The Association’s interest in infections, the bane 
of surgery, continues undiminished. 


Aneurysms of the Aorta 


In 1951, E. J. Wylie, of San Francisco, had reported 
successful thromboendarterectomy for occlusive 
aortic disease, and in that year also, in France, both 
Oudot and Charles Dubost, an Honorary Member, 
had reported replacement of the aorta with preserved 
homologous grafts. At the 1953 meeting, in Los 
Angeles, the resection treatment of aneurysms burst on 
the Association's scene with Henry T. Bahnson's 
report, from Baltimore, of the successful resection of 
six saccular thoracic aneurysms, and resection with 
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homograft replacement of four lumbar aneurysms. 
Ormand C. Julian, of Chicago. followed with a report 
of five additional lumbar aortic resections. Conrad R. 
Lam, of Detroit, said his associate, D. Emerick 
Szilagyi, had successfully resected one lumbar aortic 
aneurysm. C. Walton Lillehei, of Minneapolis, for 
lumbar aortic aneurysms, conservatively championed 
Matas’ "ideal" operation of restorative aneurysmor- 
rhaphy. Robert R. Linton, of Boston, was not quite 
prepared to give up the intrasaccular wiring of aneu- 
rysms, at least for patients whose aneurysms were 
"not resectable.’’ A recent Texas returnee, Denton A. 
Cooley, said he had treated five aortic aneurysms. 
Michael E. DeBakey, of Houston, had resected eight 
lumbar aneurysms with homograft replacement, with a 
single death, and suggested leaving a bit of the aneu- 
rysm wall on the vena cava. 

By 1954, the then team of DeBakey and Cooley 
was able, for occlusive disease alone, to report 22 
resections and homograft replacement of the aortic 
bifurcation. The great excitement at that meeting was 
the report, from New York, of Arthur H. Blakemore 
and Arthur B. Voorhees, Jr. on clinical replacement 
of the aorta by tubes of a synthetic cloth called Vinyon 
"N'. Harris B. Shumacker, of Indianapolis, spoke 
for the Fellows, stating that he, like others, had not 
at first grasped the extraordinary significance of Blake- 
more's earlier publications. Conrad R. Lam spoke of 
the use of Beta-propriolactone to sterilize homografts, 
but commented prophetically, "If the work of Drs. 
Blakemore and Voorhees turns out to be as good as 
it looks, my discussion here will be entirely super- 
fluous.”” 

The 1955 meeting was practically taken over by the 
cardiovascular surgeons. DeBakey, Cooley and 
Creech presented their series of dissecting aneurysms, 
which was discussed by many people (none of whom 
had ever operated upon a dissecting aneurysm) Ormand 
C. Julian, Frank Gerbode, Harris B: Shumacker, 
and Ben Eiseman, each speaking of a single success 
with a ruptured aneurysm. Denton A. Cooley then 
rose, with true Houston one-upmanship, to say that 
they too had operated for ruptured aneurysm, 18 
times with a 38% mortality. 


Cardiac Surgery 


The contributions of Gross to the solution of the 
problem of patent ductus arteriosus, of Gross, Crafoord 
and Blalock to the problem of coarctation of the aorta 
and of Blalock to tetralogy of Fallot and transposition 
of the great vessels, of Sellors, and of Brock, to the 
treatment of pulmonic stenosis, and of Harken and 
Bailey to the treatment of mitral insufficiency and 


-= 


~~ 


. 286 


the contributions of many others had made it obvious 
that the era of cardiac surgery had opened and that 
direct intracardiac procedures would be undertaken. 
Varco had treated valvular pulmonic stenosis by 
direct incision under inflow occlusion, Gross had de- 
veloped his atrial well technique, but open cardiac 
surgery under direct vision really burst upon the As- 
sociation at the marvelous 1955 meeting, in Philadel- 
phia, with Jack Gibbon in the Chair. Henry Swan, 
of Denver, had performed 50 open cardiac procedures 
under hypothermia and inflow occlusion, cooling the 
children in a bathtub full of ice. F. John Lewis, of 
Minnesota, the first to close an atrial defect by open 
cardiotomy under hypothermia and inflow occlusion, 
now with Varco and others reported 35 such cases 
through a transsternal, bilateral, thoracotomy. The 
Fellows were not all in agreement. Lewis and Swan 
had had deaths, but Bahnson and Lam, between them, 
reported 27 secundum type defects operated on without 
direct vision and without a death. In a nice bit of plan- 
ning by the Program Committee, these progressively 
more exciting papers now led up to the electrifying 
presentation from Minnesota of 57 direct vision intra- 
cardiac surgical corrections, under complete cardio- 
pulmonary bypass, of the tetralogy of Fallot and similar 
complicated lesions, by a long list of authors, among 
whom Raymond Read and Joseph B. Aust were in 
the middle, C. Walton Lillehei the first, Richard L. 
Varco the last. The lungs of human volunteers, cross 
circulated with the patients, served as oxygenators. 
Six of the ten patients with Fallot-type lesions had 
survived complete correction. Alfred Blalock ex- 
pressed the admiration of the Fellows, “I must say 
that I never thought I would live to see the day when 
this type of operative procedure could be performed." 
But, Blalock thought the oxygenator ‘‘of our President, 
Dr. Gibbon" (which Gibbon had employed success- 
fully in 1953), would be the ultimate answer and under- 
stood John W. Kirklin had already used it success- 
fully. Blalock stressed also the lower mortality of the 
anastomotic procedures for tetralogy of Fallot, ‘‘we 
have had two groups of 45 consecutive survivals 
following anastomotic operations." D. W. Gordon 
Murray, of Toronto, that great originator, was amazed 
at what had happened since he had reported ''to this 
Association nine or ten years ago on perhaps the first 
closure of septal defects." He had now repaired 32 
atrial and ventricular defects by closed methods. His 
obvious anticipatory delight in his developing state- 


~— ment produced a perceptible tension of expectancy, 


as he said that he wanted to add, referring to numerous 
references in the discussion to the importance of direct 
vision, particularly by Swan and Lewis, that "speaking 
for the Canadians, but not speaking for the Americans, 
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who are much more enlightened people, and speaking 
also for a good number of the British, if you will recall, 
there may be one very important biological function 
where direct vision is not a necessity." This commente 
permitted the assembled surgeons to give vent to the 
enthusiasm which had been steadily building all morn- 
ing, and encouraged as well a number of ribald com- 
ments from the audience. Continuing the discussion, 
H. W. Scott, of Nashville, mentioned the remarkable 
case in which, under inflow occlusion and hypothermia, 
he had achieved a complete correction in a child with 
tetralogy of Fallot. President Gibbon rose to say that 
Kirklin had done eight operations with the oxygenator, 
four successfully. Lillehei, closing, mentioned other 
techniques of oxygenation— continuous arterial 
perfusion from a reservoir of arterialized venous blood, 
Gilbert S. Campbell's use of an excised heterologous 
dog lung as an oxygenator. Lillehei agreed with Blalock 
that artificial oxygenators were on the horizon, but 
predicted they would be simple, and mentioned the 
DeWall disposable bubble oxygenator. For the next 
decade, papers on cardiovascular surgery figured 
largely in the programs. 


Transplantation 


Joseph E. Murray and J. Hartwell Harrison, of 
Boston, had presented to us, in 1958, their then three- 
year old experience with renal homotransplantation, 
in the special case of identical twins, and in 1960, 
David M. Hume, of Richmond, had discussed experi- 
mental renal transplants, Francis D. Moore, of Boston, 
experimental spleen and liver transplants, and Thomas 
E. Starzl, of Denver, was achieving success with liver 
transplants in dogs. Nontwin renal transplants in 
"unmodified recipients" had all failed and in 1962, 
the Brigham group, Joseph E. Murray, J. Hartwell 
Harrison, and others, reported homotransplantation of 
kidneys in 18 immunosuppressed patients, at first with 
kidneys from living family donors, and increasingly 
with cadaver kidneys or "free kidneys." They had had 
a single success with total body irradiation and marrow 
transfusion and up to 120 day survival in recipients 
on thiopurine with or without actinomycin C. Boston, 
Richmond and Denver were leading the way. In 1963 
when David Hume presented his experience with six 
patients receiving homotransplants, Murray could say 
they had now had 26 transplants in *' modified recipi- 
ents,’ 12 with total body irradiation and 14 with drug 
therapy, and four of the first ten drug treated patients 
had good renal function. Starzl had now done six renal 
homotransplants, and like Hume had ignored blood 
groups and thought that made no difference. In one of 
Starzl's patients, a severe rejection crisis had been 
reversed by actinomycin C, prednisone, and Imuran, 
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a hopeful omen. In 1964, from New Orleans, and 
almost with apology because of the sensational implica- 
tions, Keith Reemtsma and Oscar Creech reported 
their experience with renal heterotransplantation of 
chimpanzee kidneys into six terminally uremic pa- 
tients, one still surviving, later to die abruptly after 
nine months of good health. Starzl, now reporting for 
William R. Waddell, said all of their six baboon hetero- 
grafts had failed. Willard E. Goodwin, of Los Angeles, 
had done dog-to-sheep, sheep-to-dog, dog-to-monkey, 
human-to-dog, human-to-monkey, monkey-to-dif- 
ferent species monkey, and human-to-chimpanzee 
renal transplants, all of which had failed. Although 
Francis D. Moore advised caution, Professor Michael 
Woodruff, of Edinburgh, an Honorary Member, was 
astonished and excited by Reemtsma's achievement. 
Once more the Program Committee had arranged 
for a crescendo succession of excitement, and now 
Thomas E. Starzl presented his work with Thomas 
L. Marchioro, William R. Waddell and others, on 
homotransplantation of the liver— 25 orthotopic liver 
transplantations in dogs, 15 auxiliary liver transplanta- 
tions in dogs and five human orthotopic liver trans- 
plantations. The massive experience with these extraor- 
dinarily difficult techniques left the audience gasping. 
The patients had all died in the end, but the operation 
was proved technically feasible in man, and only one 
patient showed any evidence of rejection. The pyro- 
technics continued with the presentation of lung 
transplantation by James D. Hardy, of Jackson, 
Mississippi. After extensive animal experimentation, 
Hardy had undertaken one human lung transplant, 
in a singularly unfavorable patient, whose lung func- 
tioned for three weeks, death coming from progression 
of the renal failure which had been incipient before 
operation, and at autopsy there was ‘‘virtually no 
evidence of immunologic rejection." 

Over the next four years, the reports of the estab- 
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lished clinical success of transplantation were almost 
an anticlimax. 


Discussion 


There have been many papers of great importance 
and lasting significance presented before this Associa-- 
tion in its 100 year history, and it is seldom a meeting of 
this Association passes without at least one such. 
But, the peaks of excitement in the epidemic profu- 
sion of burgeoning laboratory and clinical investiga- 
tion of new departures in surgery like those in the 
series of papers on cardiovascular surgery and those on 
transplantation were recognized at the time to mark the 
passage of surgery into a new era. Surgical pundits 
over the ages have allowed themselves to be held to the 
scorn of succeeding generations because they said 
that surgery had reached the ultimate of its art, and 
no more remained to be done. It is not to be expected 
today that any of us will fall into that error. 

This Association has had a marvelous first century. 
Your speaker is willing to predict that the contributions 
of this Association in its second century, if we are per- 
mitted to live it out, will be even more marvelous, 
though his clairvoyance does not extend even to a pre- 
diction of the areas in which the brilliant advances 
sure to come will be made. For treating many condi- 
tions, there will surely be ways superior to the extirpa- 
tive and amputative procedures, or the indirect attacks 
upon malfunction, which constitute much of surgery 
today. On the other hand, the steady flow of contribu- 
tions of the Fellows, as in cardiac physiology, which 
has made so much of cardiac surgery feasible, and 
in immunology, which has made transplant surgery 
feasible, almost literally in spite of the scorn and 
inactivity of many ofthe pure immunologists, reassures 
me that we will always find new battles to fight and 
diseases to conquer whether with a knife or in- some 
better way. 


Alkaline Reflux Gastritis 


An Objective Assessment of its Diagnosis and Treatment 


WALLACE P. RITCHIE, JR., M.D., PH.D. 


The hypothesis that reflux of upper intestinal content, par- 
ticularly of bile acids (BA), is responsible for a unique post- 
gastrectomy syndrome, alkaline reflux gastritis, was tested on 
28 occasions in 21 postoperative patients (14 symptomatic 
patients, 7 controls). Parameters evaluated: recumbent (rec.), 
upright, p.c. intragastric pH, {BA}, net BA reflux per hour, 
specific BA fractions, fasting and p.c. gastrin, maximal acid 
output (MAO), gastric emptying of solids by scinti- 
graphy), and the severity of nonstomal histologic gastritis, 
the ‘‘gastritis score," graded 0-15 by an independent 
senior pathologist. For the entire group, gastritis severity cor- 
related positively with intragastric {BA} and net BA reflux 
per hour, both in recumbency and p.c. Five symptomatic 
patients demonstrated rec. and p.c. {BA} and net BA reflux 
per hour greater than two standard deviations from com- 
parable mean values in control patients. They differed sig- 
nificantly from the remaining symptomatic patients as fol- 
lows: increased intragastric {BA} and net BA reflux per hour, 
increased intragastric pH and decreased MAO. They also 
demonstrated a more severe grade of gastritis. Lithocholic 
acid was present in their reflux content significantly more 
often. Bilious vomiting was also more frequent. No other dif- 
ferences could be identified, either objectively or clinically, 
between the symptomatic groups. Four patients with excessive 
reflux underwent Roux-en-Y revision and restudy 6-22 
months later. BA reflux was completely abolished, histologic 
gastritis improved, hematocrit rose, MAO increased, and 
gastric emptying slowed. Burning pain, bilious vomiting, and 
symptoms of esophageal reflux were eliminated. Vomiting 
and nausea were improved. Diarrhea was unchanged. The 
objective criteria outlined can identify symptomatic post- 
gastrectomy patients with a greater than normal reflux 
and gastritis. Clinical criteria alone cannot. Revisional sur- 
gery in these patients eliminates reflux, improves gastritis, 
and produces symptomatic improvement. The hypothesis 
under consideration is strengthened but not proven. 


T 1965, TOYE AND WILLIAMS”? suggested that reflux 
of endogenous upper intestinal content into the 
residual gastric pouch following gastrectomy might be 
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responsible for a bile vomiting syndrome which was 
distinct from and unassociated with chronic afferent 
loop obstruction. Subsequently, Van Heerden, et al., 
postulated that excessive enterogastric reflux was the 
principle cause of a much wider constellation of 
functional and morphologic postoperative abnormal- 
ities, including persistent epigastric pain, nausea, 
bilious vomiting, weight loss, hypochlorohydria and 
anemia, all associated with severe endoscopic and 
histologic gastritis in the remaining stomach. They 
indicated, further, that diversion of upper intestinal 
content away from the gastric mucus membrane pro- 
duced marked symptomatic improvement. Thereafter, 
the existence of a unique postgastrectomy syndrome, 
so called "'alkaline reflux gastritis, ` gained wide ac- 
ceptance among surgeons. With accumulating ex- 
perience, however, it has become apparent that 
many of the clinical hallmarks of the syndrome are 
nonspecific; that not all patients with "typical" symp- 
toms benefit from diversionary procedures; that many 
clinical series contain methodologic deficiencies, the 
most important being failure to study concurrent con- 
trols; and that attempts to document or reverse 
individual components of the syndrome have yielded 
conflicting results. For these reasons, many have 
questioned its postulated pathophysiology and some 
have questioned its very existence.®?!~ 23:26 

The present investigation was designed as a further 
test of the hypothesis. Its purposes were to: 1) define 
objectively the reflux patterns of asymptomatic post- 
gastrectomy patients, 2) contrast them with those ob- 
served in symptomatic postgastrectomy patients, 3) 
determine the relationship of reflux to histologic gas- 
tritis in the nonstomal areas of the residual gastric 
pouch, and 4) assess the influence of Roux-en-Y diver- 
sion on reflux, gastritis, and symptoms. The bile acids . 
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TABLE 1. Details of the Index Operative Procedures in Control and Symptomatic Patients 
Indication Ulcer Location Index Operation Reconstruction 

e Bleed Obstr Pain Duo. Gastric PP* STGt TV + At BI BII AC-IP§ AC-AP§ 
Control 

(n = 7) 2 0 6 6 l 0 l 6 0 7 4 3 
Symptomatic 

(n = 14) 5 l 8 11 2 l 6 8 l 13 6 7 

* Prepyloric. t Truncal vagotomy antrectomy. 


t Subtotal gastrectomy. 


were chosen for study because of the availability of 
specific and sensitive assays??? and because of their 
known cytotoxicity when applied to proximal gastric 
mucosa.?'?? [t was assumed that, at the least, they 
served as markers of enterogastric reflux. 


Methods 


Twenty-one patients were studied on a total of 28 
occasions, each involving a three-day hospitalization 
on the clinical research unit of the University of Vir- 
ginia Hospitals. The study protocol was approved by 
„the University Institutional Review Board and informed 
consent was obtained in each instance. All patients 
had undergone previous operative therapy for benign 
peptic ulcer disease. Seven patients (mean age: 
54 + 5 years, M:F = 1.5) were recruited as control sub- 
jects because of the absence of any postoperative 
complaints save for occasional episodes of early satiety 
in two patients. The remaining 14 patients (mean age: 
39 + 4 years, M:F = 1.2) were referred for study be- 
cause they experienced one or more of the follow- 
ing: epigastric pain (11/14), vomiting (9/14) which was 
bilious in seven patients, nausea (12/14), and symptoms 
of esophageal reflux (6/14). Eight of the 14 had noted 
some degree of weight loss. Five patients were also 
moderately anemic, seven patients complained of diar- 
rhea, and five patients gave a history compatible 
with the early postprandial '*dumping'" syndrome. No 
patient was an abuser of salicylates or alcohol and 
all were without radiographic or endoscopic evidence 
of stomal obstruction, recurrent jejunal or gastric ulcer, 
hiatus hernia, or cholelithiasis. Two patients had under- 
gone previous cholescystectomy. The interval from 
index operation to study was 2.2 + 0.2 years in the 
control patients, 3.2 + 1.0 years in the study patients. 
The details of the index operative procedures in each 
group are presented in Table 1. 

Each of the parameters indicated below was eval- 
uated in every patient on each occasion. 


1) Bile Acid Reflux 


After the patient had fasted for 12 hours, a #18 sump- 
type nasogastric tube was positioned, under fluoro- 


$ AC - antecolic, AP — antiperistaltic, IP — isoperistaltic. 


scopic control, to lie along the greater curvature of 
the residual gastric pouch at a point midway between 
the gastroesophageal junction and the gastroenteric 
anastomosis. With the patient in the upright position, 
the gastric contents were aspirated and the stomach 
gently lavaged with two 30 ml aliquots of 0.9% NaCl, 
which was recovered and discarded. The tube was 
then clamped and the patient was placed in the re- 
cumbent position for one hour. At the end of this time, 
a 10 ml aliquot of gastric content was aspirated 
(Sample A) and saved for subsequent bile acid analysis. 
Fifteen milliliter of a mannitol solution (300 mOsm/L) 
containing 400 mg/dl Polyethylene Glycol (PEG) as a 
nonabsorbable marker were instilled and rapidly mixed. 
A small (5—10 ml) aliquot was immediately withdrawn 
(Sample B) and subsequently analyzed for PEG con- 
centration using the turbidometric technique of 
Hyden.'? The residual volume in the stomach follow- 
ing sampling was calculated as: 


Vm x (PEG)m 


ue Vin 
(PEG), 


where V = volume, m= mannitol solution, and B 
— Sample B. The assumptions were made that intra- 
luminal mixing was thorough and that little or no PEG 
was lost via the stoma. The stomach was then 
emptied and washed with 0.976 NaCl as before. The 
tube was again clamped and the entire procedure 
repeated with the patient in the upright (75?) position. 
Following collection of the upright samples, the 
stomach was washed once more. The patient then 
drank 60 ml of warm (37 C) beef broth which contained 
20% peptone, v/v. Twenty minutes later, the entire 
procedure was again repeated, the patient remaining 
upright. ; 
The volume of each Sample A was determined 
and its pH assessed using a pH meter. Assay for total 


bile acids was accomplished by extracting an aliquot . 


of Sample A with methanol-ethanol. The concentra- 
tion of soluble bile acids were then determined spec- 
trophotometrically using pure alpha hydroxysteroid de- 
hydrogenase.” The total bile acid content, of the 
stomach at the time of the sampling, which was taken 
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Fic. 1. Photomicrograph of gastric mucosa (PAS x 190) from a symptomatic patient demonstrating criteria for assessing severity of gastritis. 


The gastritis score of this specimen is 11. 


to represent net bile acid reflux per hour, was cal- 


culated as: 
{Bile Acid}, x (V4 + Vp) 


where V = volume, A = Sample A, and V, = residual 
volume. In addition, the presence of individual bile 
acid species was identified, following extraction, by 
thin layer chromatography using solvent systems for 
both conjugated and deconjugated bile acids. Com- 
mercially available highly purified bile acids were used 
as standards. Gas-liquid chromatography was not 
available: therefore, the quantity of specific bile acid 
moieties present in gastric content could not be de- 
termined accurately. 


2) Histologic and Endoscopic Gastritis 


Following a 12-hour fast, each patient underwent 
upper gastrointestinal endoscopy. Several gastro- 
.Scopists participated in the study. Each was asked to 
estimate the severity of endoscopic gastritis in the 
stomal and nonstomal area of the residual stomach 
(erythema, edema, friability, graded as mild, mod- 
erate, ormsevere) and to indicate whether or not entero- 


gastric bile reflux was present. At the same time, 
mucosal biopsies were obtained from the gastric side of 
the stoma, from the anterior gastric wall at a point mid- 
way between the gastroesophageal junction and the 
gastroenteric anastomosis, and from the same location 
on the posterior gastric wall. The biopsies were 
oriented, fixed, processed, and stained with hemo- 
toxylin and eosin and with the periodic acid-Schiff 
reagent. At a later date, all specimens were reviewed, 
serriatum, by a senior experienced pathologist, with 
no knowledge of the individual patient, who compiled 
a stomal and nonstomal "'gastritis score" for each 
patient based on five criteria developed by us in the 
course of experimental work assessing the influence of 
upper intestinal content on the histology of acid-peptic 
secreting mucosa in the dog.*??* These criteria were: 
1) infiltration of the lamina propria with acute and 
chronic inflammatory cells, 2) mucous cell hyper- 
plasia, 3) decreased parietal and chief cell density, 
4) cystification of the gastric glands, and 5) intestin- 
alization (goblet cell formation) of the mucosa (Fig. 1). 
Each criteria was assigned a value of zero (absent) 
to 3 (severe) and the total ‘‘gastritis score" was the 
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cumulative sum of these individual assessments. 
Normal corporal and antral mucosa obtained at autopsy 
from a trauma victim were used as reference standards. 
a 


3) Gastric Acid Output 


After the patient had fasted for 12 hours, a # 18 sump- 
type nasogastric tube was passed and positioned 
fluoroscopically as described above. Following pre- 
treatment with Benadryl, 50 mg, IM, the patient as- 
sumed the upright position and was given histamine 
acid phosphate, 0.04 mg/kg subcutaneously. There- 
after, gastric content was hand aspirated at 15 minute 
intervals. The volume of each sample was recorded. 
Aliquots were titrated to pH 7 with 0.01 N NaOH using 
an automatic titration system. Initially, the concentra- 
tion of Na+ in each sample was also assessed in an 
attempt to estimate the mass of H+ neutralized by 
refluxed succus entericus, as described by others.*” 
As this did not substantially alter the results, the ap- 
proach was abandoned. The values of acid outputs 
reported represent the actual titrations observed. Maxi- 
mal acid output (MAO) was calculated as the sum of 
the four consecutive collections which demonstrated 
the highest mass of H+. 


4) Serum Gastrin Determination 


The trophic properties of gastrin are well recog- 
nized.'? Basal and stimulated serum gastrin concentra- 
tions were determined in each patient by RIA before 
and at 20 minute intervals for 1.5 hours after the inges- 
tion of 60 ml of a meal containing 20% peptone v/v. 
Postprandial gastrin output was calculated as described 
by Stern and Walsh.? 


5) Gastric Emptying 


Gastric emptying of solids was assessed in each pa- 
tient following a 12-hour fast. Technetium-99m labelled 
sulfur colloid was thoroughly mixed with two ounces 
of warm oatmeal and four ounces of milk which the 
patient then ingested. With this technique, 82-97% of 
the isotope is bound to the solids of the meal." Over 
the subsequent 90— 180 minutes, repeated images of the 
epigastrium were obtained using a dual probe rectilinear 
scanner. The activity in anterior and posterior views 
was integrated and the disappearance half time of the 
meal from the stomach as well as the character of 
the disappearance activity curve (exponential vs 
linear) were determined. 

The reproducibility of the assays was assessed by 
repeating the complete study sequence in seven pa- 
tients during separate hospitalizations, weeks to 
months apart. The results for bile acid concentration 
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Fic. 2. Results of bile acid (BA) assay and gastritis score on two 
separate occasions in seven patients. 


in the recumbent position and postprandially, and for 
gastritis score, are illustrated in Figure 2. The values 
obtained on the second study were 97 + 1606,91 + 12%, 
and 97 + 7%, respectively, of those obtained on the first. 
A similar high concordance was observed for upright 
bile acid concentration and for net bile acid reflux/hour 
in both fasted and fed states. Four of the five patients 
identified statistically as being ‘‘abnormal’’ refluxers 
consented to undergo operative diversion of upper 
intestinal content away from the residual gastric pouch 
using a 45 cm Roux-en-Y limb." In each, a preopera- 
tive Hollander test was negative and the stoma ap- 
peared patent on gastroscopy and was not revised at 
operation. All were restudied 6-22 (mean: 12 + 4) 
months later. 

Statistical analysis of the results was accomplished 
using Student's t-test for paired or unpaired variables: 
and chi square analysis, as appropriate. Correlation 
coefficients were determined from linear regression 
analyses using the least squares method. The level of 
statistical significance was taken to be the 9596. 
confidence limit.?! 


Results 


For the entire study group, a significant linear 
relationship existed between bile acid concentration in 
the recumbent position and the severity of nonstomal 
histologic gastritis in the residual gastric pouch (Fig. 
3). A similar relationship held for net bile acid reflux 
per hour in recumbency (y = 0.60x + 0.56, r= 0.81, - 
p < 0.01), and for both postprandial bile acid concen- 
tration (y = 0.87x + 1.81, r = 0.61, p < 0.01) and net 
reflux per hour (y = 0.43x + 1.81, r= 0.51, p = 0.05). 
On the other hand, values obtained for bile acid con- 
centration and content in the upright position did not 
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FıG. 3. Relationship of gastritis score to the intragastric concentra- 
tion of bile acids (BA) in the recumbent position. 


correlate with histologic gastritis in a significant way 
(r = 0.40, r = 0.41, respectively). As illustrated in Fig- 
ure 4, nine individual values for recumbent intragastric 
bile acid concentration and net bile acid reflux per hour 
were found to fall beyond two standard deviations 
of the means of the same parameters in control 
patients, thus fulfilling a basic statistical require- 
ment for abnormality.*! The same group of five patients 
(Group A) accounted for all of these values. All five 
also demonstrated individual values for postprandial 
bile acid concentration which were abnormal by the 
same ‘definition. Four of the five fulfilled the same 
criterion. for postprandial net bile acid reflux per 
hour. Of the remaining nine symptomatic patients 
(Group B), only one demonstrated such a significant 
difference and then only with respect to one parameter, 
a postprandial bile acid concentration of 3.2 mM, the 
upper limit of normal being 2.5 mM. The reflux 
patterns of each group are detailed in Table 2. Every 
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patient in Group A was also found to have a gastritis 
score which fell beyond two standard deviations of 
the control mean. As a group, they demonstrated a 
significantly greater degree of histologic mucosal dam* 
age (gastritis score = 6.9 + 1.3) than did either Group B 
(1.3 + 0.4) or the controls (1.8 + 0.6). The gastro- 
scopist's impression of the severity of nonstomal 
endoscopic gastritis did not correlate well with the cor- 
responding histologic picture. Extensive hyperemia 
and friability were noted in four of five patients in 
Group A, in six of nine patients in Group B, and in 
two of seven control subjects. Similarly, endoscopic 
bile reflux was described as present in three of five pa- 
tients in Group A, in eight of nine patients in Group B, 
and in three of seven asymptomatic patients. The 
severity of histologic stomal gastritis was similar in all 
groups. 

Other differences which bear on the postulated 
pathogenesis of the syndrome were noted to be sig- 
nificantly different between groups. MAO (mEq/hour) 
was considerably less in Group A (0.44 + 0.19) than 
in either Group B (2.00 + 0.60, p < 0.02) or in controls 
(1.24 + 0.25, p < 0.05). The pH of aspirated intragastric 
content was also higher in the recumbent position in 
Group A (7.0 + 0.3 vs 5.0 + 0.4 in B, p< 0.02, and 
5.5 + 0.2 in controls, p < 0.05). Fasting plasma gastrins 
(ng per ml) were similar (A = 68 + 16, B = 70 + 12, con- 
trol = 73 + 17) as were gastrin ‘‘outputs’’ (A = 0.26 
+ 0.50, B = 0.29 + 0.12, control = 0.64 + 0.37, all ng- 
ml/hour). 

Trace amounts of lithocholic acid were present, 
usually in conjugated form, in all recumbent samples 
from Group A, in 25% of those from Group B (p < 0.05 
by chi square analysis), and in none of those from 
control subjects. Otherwise, no differences were ap- 
parent between groups in the frequency with which 
specific bile acid moieties were identified: conjugated 
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TABLE 2. Bile Acid (BA) Reflux Patterns in Control and Symptomatic Refluxers (A) and Noarefluxers (B) 
-E ace a a 





{BA}, mM Net BA Reflux, wM/Hr. 
. Group Recumbent Upright P Prandial Recumbent Upright PPrandial . 
—————— ig nana ange nce NNNM Fila NM 
A 2.1 LOST Z0 = 0.67 2.8 = 0.9*f oT s LF 42 + 14*1 43 + 19*f : 
B 0.7 + 0.2 0.7 + 0.4 0S = Ca 132 = 6 14+7 13 + 10 
Control 0.7 203 0.9 + 0.4 0.4 + 0.2 24+ 15 17 +9 424 
Sa ee ic tn a gc ices a pkg 


* Significant difference vs B. 


cholic in greater than 80%, free cholic and conjugated 
chenodeoxycholic in less than 40%, free chenodeoxy- 
cholic in less than 25%, conjugated deoxycholic in 
greater than 70%, and free deoxycholic in less than 
20%. The groups were similar in other respects as 
well: no differences in hematocrit (A = 33 + 5, B = 38 
+ 2, control = 40 + 3) or in the rate of gastric empty- 
ing of solids (T! 39 + 13 minutes in A, 43 + 6 minutes 
in B, and 46 +7 minutes in controls). The pattern 
of emptying was primarily exponential. 

On clinical grounds, the symptomatic patients with 
abnormal reflux were difficult to distinguish from their 
nonrefluxing counterparts. As Table 3 indicates, no 
differences were apparent in age, in the type of or 
indication for the index operation, in the symptom free 
interval, in symptom duration, or in the frequency with 
which specific symptoms associated with the syn- 
drome were encountered. The single exception in this 
regard pertained to bilious vomiting which was pres- 
ent in all five patients in Group A but in only two of 
nine in Group B (p « 0.05 by chi square analysis). 

Four of the five patients in Group A consented to 
undergo distal diversion of upper intestinal content, 
which was accomplished using a 45 cm Roux-en-Y 
limb.!! As indicated in Figure 5, recumbent bile acid 
reflux was completely eliminated by this procedure. A 
similar circumstance pertained for the upright position 
and postprandially. Histologic gastritis improved (from 
6.7 + 3.4 to 1.3 + 0.9, p < 0.02), MAO increased (from 
0.36 + 0.18 to 0.78 + 0.35 mEg/hr, p < 0.05), and re- 
cumbent intragastric pH fell (from 6.9 — 0.1 to 3.5 
+ 0.7, p < 0.01). Hematocrit increased (from 29 + 6 
to 41 + 3, p < 0.02) primarily because of one patient in 
this group who suffered from severe chronic anemia 
preoperatively due to blood loss from an extensive 


+ Significant difference vs control. 


and severe gastritis. Of considerable interest, gastric 
emptying of solids was significantly slowed by opera- 
tion (T!4 from 36 + 23 min. to 149 + 56 min., p < 0.01). 
Body weight and plasma gastrin levels were un- 
changed. Symptomatically, three of the four patients 
complained of burning epigastric pain preoperatively; 
the symptom was eliminated in all three. Bilious vomit- 
ing was abolished in all four, as were symptoms of 
esophageal reflux in the three patients with this com- 
plaint before operation. One patient continued to ex- 
perience nonbilious vomiting. Nausea, present pre- 
operatively in all four patients, was eliminated in three. 
Diarrhea was unchanged (three of three patients both 
pre- and postoperatively). 


Discussion 


Because of difficulties experienced in defining pre- 
cisely the relationship of reflux to either symptoms or 
gastritis, doubts have been expressed about the exist- 
ence of ''alkaline reflux gastritis" as a specific post- 
gastrectomy syndrome.?' ?? Assuming that it does exist, 
it is equally unclear which factors in reflux content 
are responsible,'? what role disordered gastric motility 
might play,® whether or not remedial operative pro- 
cedures ameliorate either reflux or gastritis,?!?? and. 
whether or not their elimination produces objective 
clinical improvement. Because a control group of 
asymptomatic postgastrectomy patients is included, 
the data obtained in the present study serve to clarify 
some but, unfortunately, not all of these issues. 

For the group as a whole, a significant linear rela- 
tionship was found between the severity of histologic 
gastritis in the nonstomal area of the residual gastric 
pouch and intragastric bile acid concentration and con- 


TABLE 3. Clinical Characteristics of the Refluxing Symptomatic Patients (A) and the Nonrefluxing Symptomatic Patients (B) 





Index Operation 
and Reconstruction 


Indication 


Current (Pre-Roux-en- Y) Symptoms 





———————— Esoph. 

Group Age STG TV+A_ BI HII Bleed Obstr Pain Pain Vomiting (Bilious) Nausea Reflux 
A (n = 5) 39 + 8 2 3 0 5 3 2 4 5 (5)* 5 3 
B (n = 9) 43 + 6 4 5 1 8 2 l 6 7 4 (2) 7 3 
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Fic. 5. Influence of remedial operation (Roux-en-Y) on bile acid 
(BA) concentration and net bile acid reflux/hour in recumbency. 


tent. That relationship was strongest in recumbency, 
less strong postprandially, and nonexistent in the up- 
right position. Peristomal gastritis was marked in all 
patients, irrespective of the quantity of bile acid reflux. 
Because the biopsies sampled only a small fraction 
of an enormous mucosal surface area, their representa- 
tional nature can certainly be questioned. However, 
the close agreement observed in gastritis score be- 
tween specimens obtained months apart from the same 
mucosal area in the same patients suggests the ob- 
servations are valid. These findings are consistent 
with other clinical and experimental reports.” ???* The 
data also imply that the relationship may be one of 
cause and effect, since operative elimination of bile 
acid reflux appears to improve the histologic appear- 
ance of the mucosa. Other studies in which no such 
relationship was observed either used different mark- 
ers for reflux,'? different definitions of histologic gas- 
tritis,!?^^ or unstated biopsy sites. Patient position 
was also rarely described. In concert with others, how- 
ever, bile acid reflux and histologic gastritis did not 
correlate well with the gastroscopist's impression of 
the magnitude of reflux or the severity of endoscopic 
gastritis in the residual stomach.'?' 

The data also indicate that postgastrectomy pa- 
tients with excessive bile acid reflux can be objectively 
defined. Because both reflux and histologic gastritis are 
implicated in the pathogenesis of the syndrome,* and 
because the correlation between gastritis and intra- 
gastric bile acid concentration was strongest in the 
recumbent position, the bile acid reflux patterns of 
those symptomatic patients who demonstrated values 
. for this parameter beyond two standard deviations 
of the mean of the asymptomatic patients under the 
same circumstances were examined separately. In 
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this way, five patients were identified as being statisti- 
cally abnormal. It was found that all five fulfilled the 
same requirement for net reflux per hour in recumbency 
and for postprandial bile acid concentration. Four of 
the five were also statistically aberrant with respect 
to postprandial net reflux per hour. In addition, all five 
were found to have gastritis scores which fell two 
standard deviations beyond the control mean. In con- 
trast, only one of the nine remaining symptomatic pa- 
tients fulfilled the same criteria and then only in terms 
of a modest elevation in postprandial bile acid con- 
centration. Despite the somewhat arbitrary nature of 
the definition, it was felt that these five patients could 
be accurately classified as excessive refluxers, at least 
of the bile acids. It is of interest that, in this group, 
recumbent net bile acid reflux/hour exceeded 120 uM 
on only two occasions (Fig. 4).'?:' 

When compared to the other study subjects, both 
symptomatic and asymptomatic, these five patients 
demonstrated, as a group (although not always as in- 
dividuals), a higher fasting intergastric pH in re- 
cumbency and a decrease in MAO, reflecting either 
a decreased parietal cell mass, neutralization of se- 
creted H+ by reflux, or both. In addition, trace amounts 
of the most toxic of the bile acids, lithocolic, were 
found in all recumbent samples. No other qualitative 
differences in bile acid species were identified be- 
tween groups. Because of the quantitative insensitivity 
of the spectrophotometric assay employed, the sig- 
nificance of this finding is unclear. Specifically, we were 
unable to confirm (or deny) the suggestion of others 
that greater absolute amounts of the secondary bile 
acids, particularly deoxycholic, are found in the gastric 
content of typically symptomatic patients." 

By other objective criteria, the symptomatic pa- 
tients appeared quite homogenous. No differences 
in either the pattern or the rate of gastric emptying 
of solid food could be identified between groups. Fast- 
ing serum gastrin and postprandial gastrin "outputs "' 
were Similar, indicating that the absence of this trophic 
hormone is of secondary importance to the induction of 
histologic gastritis in the proximal postoperative 
stomach. No differences could be identified between 
groups in hematocrit level or in the degree of weight 
loss experienced, suggesting that these indices are 
relatively nonspecific. 

The observations on the same parameters made fol- 
lowing revision with a 45 cm Roux-en-Y limb are of 
considerable interest. Bile acid reflux was completely 
abolished in all patients, corroborating the results of 
Hoare, et al.'^ who used a similar limb length, but 
not those of Malagelada, et al.,?? who constructed the 
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jejunojejunostomy more proximally. Coincidentally, 
the severity of histologic gastritis improved significantly, 
an observation also made by some??? but not by others 
using different histologic criteria.'*?? At the same time. 
the patients appeared to recover to some degree the 
capacity to elaborate gastric acid: MAO increased and 
intragastric pH decreased in both the fasting and fed 
states. The mean hematocrit of the operated group 
rose, but no significant alterations in weight were ob- 
served. Symptomatically, continuous burning mid- 
epigastric pain, bilious vomiting, and symptoms of 
esophageal reflux seemed to have been eliminated. 
and nausea and vomiting were apparently improved 
in this small group of patients. Diarrhea was unchanged. 

An intriguing observation was that a significant delay 
in gastric emptying developed postoperatively. This 
circumstance has been hinted at before with reference 
to the treatment of the "dumping" syndrome,?! but 
has not been previously demonstrated objectively. 
In no patient was the original gastroenteric anastomosis 
revised at reoperation nor were the vagus nerves 
touched. Postoperatively all stomata were widely pat- 
ent both endoscopically and on barium study. For these 
reasons, it is unlikely that mechanical gastric outlet 
obstruction or altered gastric motility were responsible. 
The possibility exists, therefore, that division of the af- 
ferent limb effects the peristaltic pattern of the ef- 
ferent (Roux) limb, resulting in delay. 

The foregoing discussion has focused on those facets 
of the postulated syndrome about which it was possible 
to obtain an objective assessment. Unfortunately, in 
several important respects, the data are insufficient 
to permit a definitive statement. Assuming, for the 
moment, that the syndrome exists and that reflux is re- 
sponsible, it has not been demonstrated conclusively 
that the bile acids are the offending agent; it is not 
clear if increased intragastric bile acid content is a re- 
flection of increased reflux volume or of altered reflux 
composition; the causal relationship of reflux to his- 
tologic gastritis (and, more particularly, of gastritis to 
symptoms) is inferred but not proven. Most im- 
portantly, the study leaves unresolved a major ques- 
tion for which it was undertaken: is reflux responsible 
for some or all the symptoms attributed to the syn- 
drome? The difficulty arises because more than 2/3 of 
the symptomatic patients referred for evaluation failed 
to demonstrate higher intragastric bile acid concentra- 
tions or greater amounts of intragastric bile acid con- 
tent than did comparable controls. At the same time, 
these ""nonrefluxers"' did not clearly distinguish them- 
selves on clinical grounds from those symptomatic 
patients who demonstrated excessive bile acid reflux. 
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With the single exception of bilious vomiting, no one 
symptom occurred with any greater statistical fre- 
quency in the latter group. If the symptomatic group 
is as clinically homogenous as it appears, one would 
have to conclude, at a minimum, that reflux of the bile 
acids is completely unrelated to the symptoms ex- 
perienced. Further, if the bile acids are accurate 
markers of the quantity of enterogastric reflux in gen- 
eral, one would also be forced to the conclusion that 
the syndrome, per se, does not exist. On the other 
hand, if this is true, it is very difficult to explain the 
apparent clinical improvement observed in those pa- 
tients reconstructed with a Roux-en-Y limb. 

Three possibilities suggest themselves to account for 
these discrepancies. The first is that the symptomatic 
patients do constitute a homogenous group, that the 
symptom complex is, in fact, related to reflux, but 
not to reflux of the bile acids; rather, that some other 
factor present in upper intestinal content is responsible 
for the syndrome and that it is eliminated as ef- 
fectively from gastric content by Roux-en-Y diversion 
as are the bile acids. Lysolecithin and Pancreatic 
Phospholipase A-2 would be likely candidates.?:'* How- 
ever if this were so, it would also be necessary to 
postulate that their concentration in reflux is different 
from the bile acids, or that their effect is not concen- 
tration dependent, or that net bile acid reflux is not a 
good marker of reflux volume. Parenthetically, this 
analysis would also imply that the severity of his- 
tologic gastritis is completely unrelated to symp- 
tomatology. The second possibility also assumes that 
the patients are homogenous but that the symptoms 
complained of are completely unrelated to reflux of any 
sort. If this were so, it would be necessary to postulate 
that the salutory results obtained with remedial opera- 
tion are either a function of some as yet unidéntified 
consequence of Roux-en-Y diversion or that they simply 
represent an example of the well-known placebo effect 
of surgery. Both of these possibilities could have been 
tested by subjecting all of the symptomatic patients 
to Roux-en-Y diversion, irrespective of reflux status. 
This approach seemed ethically unacceptable. 

The third possibility is that the symptomatic pa- 
tients do not represent a clinically homogenous group. 
In retrospect, it is apparent that the criteria for in- 
clusion in the study were not overly strict, particularly 
during its early phases. Patients were accepted for 
evaluation if they complained of any, but not neces- 
sarily all of the symptoms usually ascribed to the: 
syndrome and if no other demonstrable pathology was 
present. The quantitative and qualitative assessment 
of symptoms was frequently imprecise beyond docu- 
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mentation of their presence or absence. It is believed 
that the failure to characterize more carefully the symp- 
toms experienced by each patient represents a serious 
deficiency of the study. The fact that, even in the face 
of this deficiency, bilious vomiting was found to occur 
‘significantly more often in the ‘‘abnormal”’ refluxers 
suggests that a more critical evaluation of the nature, 
severity and frequency of the other symptoms, par- 
ticularly pain, might have uncovered other, more 
subtle, differences between groups, thereby clarifying 
the relationship of symptoms, either collectively or 
individually, to reflux. 

The lesson for the practicing surgeon is that the 
routine assessment of the presence or absence of symp- 
toms ''appropriate"' to the syndrome (with the possible 
exception of bilious vomiting) is insufficient to establish 
the presence or absence of abnormal patterns of bile 
acid reflux and, by implication, of enterogastric reflux 
as well. On the other hand, the present report indicates 
that the objective criteria outlined can identify symp- 
tomatic postgastrectomy patients with greater than 
normal reflux and histologic gastritis. Revisional sur- 
gery in these patients eliminates reflux, improves 
gastritis, and produces symptomatic improvement. 
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DISCUSSION 


DR. WiLLIAM SiLEN (Boston, Massachusetts): The term post- 
gastrectomy syndrome, in my opinion, is a pernicious wastebasket 
phrase, which frequently inhibits the objective evaluation of a pot- 
pourri of symptoms caused by a variety of mechanisms. We must. 
therefore, refine our ability to distinguish symptoms of alkaline 
reflux gastritis from symptoms caused by reflux esophagitis, early 
or late postprandial dumping, bacterial overgrowth, afferent loop 
obstruction, reduced gastric capacity, delayed emptying, recurrent 
ulcer, and other assorted conditions. 

I believe that Dr. Ritchie's paper helps us do that, and therefore 
allows us to employ the defunctioning Roux-en-Y principle more 
rationally and more discriminately — something not done very well 
in the past, because of our lack of a clear definition of the entity 
of reflux gastritis. 

The abstract may be slightly misleading to the reader, who comes 
away with the idea that clinical symptomatology is useless in 
helping select a group of patients among whom there would be a 
likelihood of finding a high proportion of what Dr. Ritchie calls 
abnormal refluxers. 

In the manuscript Dr. Ritchie states: ‘The quantitative and 
qualitative assessment of symptoms was frequently imprecise 
beyond documentation of their presence or absence. The fact that, 
even in the face of this serious deficiency, bilious vomiting was 
found to occur significantly more often in the ‘abnormal’ refluxers 
suggests that a more critical evaluation of the nature, severity, and 
frequency of other symptoms, particularly pain, might have un- 
covered other more subtle differences between groups." 

' I would concur heartily in the proposal that we go back to careful 
history-taking—a soon to be forgotten art, I fear. 

I would like to ask Dr. Ritchie two questions: First, since there 
was such an excellent correlation between the concentration of bile 
acids and the histologic score, why not simply use multiple endoscopic 
biopsies, rather than the more complicated estimation of bile acids? 

Second, since all of your "abnormal" refluxers had bilious vomit- 
ing, why not restrict more extensive studies to the group who 
presented with the bilious vomiting? 


DR. JOHN L. Sawyers (Nashville, Tennessee): As Dr. Ritchie 
has pointed out, the problem facing the surgeon is accurate identifica- 
tion of the patient who will benefit by remedial operation. This is 
not an easy task. The state of the art, at least prior to Dr. Ritchie's 
presentation, was to identify patients on the basis of their symptoms 
of epigastric pain and bilious vomiting, gastroscopic findings of 
gastritis and bile pooling, gastric mucosal biopsies showing evidence 
of acute local hemorrhage, inflammatory infiltrate, superficial ulcera- 
tion and achlorhydria on gastric analysis. 

Using those criteria, plus failure of medical management, Dr. 
Herrington and I have operated on some 73 patients for reflux 
gastritis. (slide) Their symptomatology is shown on this slide, and 
you can see that all had abdominal pain and bilious vomiting, half 
lost weight, and one-fourth of them had anemia. 

(slide) The patients were treated, as Dr. Ritchie's were, by a 
Roux-en-Y, or a Tauner 19-Roux limb, for reflux gastritis, and 82% of 
the patients have had good or excellent results. Of more interest, 
perhaps, are those who had difficulty. 

(slide) Early problems were confined mainly to delayed gastric 
emptying, which occurred in 9% of our patients, and Dr. Ritchie 
had similar findings. 

This next slide (slide) shows the late complications. Two patients 
had a marginal ulcer, three had anastomotic narrowing and one had 
a bezoar. Another group of patients, usually women, had a variety 
of psychosomatic complaints, and a few of these, despite psychiatric 
care, still did not do well after their procedures. 

So, obviously, even using the criteria we have, we are not selecting 
patients carefully enough before operation. 

Dr. Ritchie’s paper will indeed be helpful in more accurately 


ALKALINE REFLUX GASTRITIS 


297 


defining the patient who has true refhx gastritis, in whom remedial 
Roux-en-Y gastrojejunostomy will be of lasting benefit. 

There is one aspect of this entity that is a mystery, and perhaps Dr. 
Ritchie could shed some light on it. (slide) This last slide shows 
the interval from the time of the patient's first gastric operation to 
the onset of symptoms of reflux gastritis. This varies from a few 
weeks to more than 20 years. The question is: why do these patients - 
go for so many years without symptoms of reflux gastritis and 
then suddenly have severe gastritis develop with abdominal pain, 
bilious vomiting, et cetera? 


DR. MARTIN A. ADSON (Rochester, Minnesota): I find it some- 
what difficult to discuss Dr. Ritchie's paper because in our separate 
considerations of alkaline reflux gastritis, I am not certain that we 
are considering the same entity. 

Fifteen years ago, Dr. D. J. du Plessis observed in patients 
whose pylorus had been either removed or bypassed a symptom 
complex. His triad of symptoms and signs included pain, postcibal or 
constant; gastritis or ulcer on the gastric side of the anastomosis: 
achlorhydria, and, peripherally, endoscopic evidence of reflux of 
intestinal content through the stoma. 

He did not include dumping, vomiting, nausea, diarrhea or 
esophageal reflux as dominant associated features. Each of these is 
to some extent a separate entity. 

Twelve or more years ago, Dr. du Plessis visited our clinic. He 
tried to teach my then young sons rugby and he also told me of his 
work, and then Dr. H. H. Lawson, his collaborator, spent a year in 
our laboratories. 

Therefore, our criteria for selecting patients for biliary diversion for 
alkaline gastritis by Roux-en-Y conversion were based on du Plessis 
and Lawson's clinical, endoscopic and, to some extent, histologic 
criteria. The results for 31 patients treated up until 1975, so selected 
and so treated, were excellent or improved in 85% of the patients. 

Twelve other patients had gastritis and pain and reflux, but also 
had dumping, diarrhea or other poorly defined dysfunctions. In 
an attempt to heal two birds with one stone, such patients were 
treated by jejunal interposition, with only 50% satisfactory results. 

In Dr. Ritchie's manuscript, there is one sentence in the paragraph 
that Dr. Silen read, that was left unread. It is this: “It is believed 
that the failure to characterize more carefully the symptoms experi- 
enced by each patient represents a serious deficiency of the study." 
I will go along with that and I think this is where Dr. Ritchie and 
I do differ. 

Many patients with gastric operations have red stomachs and 
reflux but do not know it. They have no symptoms, and many 
patients with dumping or diarrhea or vomiting may have gastritis * 
and bile in their stomachs, which may or may not contribute to 
their symptoms. To study the bile in the stomachs of such patients 
may or may not be relevant to their need for help. 

Dr. Ritchie has proved just one thing to me: that patients who 
vomit bile have reflux of bile, which may be relieved by diverting 
bile. I could have told him that without going into the laboratory, 
even though his studies are, in some ways, elegant. 

Dr. Ritchie has studied bilious vomiting, for all the patients he 
operated on had that symptom and also had pain not character- 
ized by him, but I am not sure that he has really studied the clinical 
entity that I consider alkaline reflux gastritis. 

The fatal flaw in this study is that the author used measurements 
that he was testing as determinants of prognosis as determinants of 
his surgical decision. This involves, if my college logic course is 
well remembered, petitio principii, or a Catch 22 for the patient. 

How will the other nine patients, all of whom had pain, who are 
suffering still, be treated? They should be shown to an experienced 
surgical clinician who could then determine who among them 
might be offered an 85% chance of relief of their suffering. This, to 
me, is not as Dr. Ritchie has said, "ethically unacceptable." Rather, 
only in this way, could one compare the value of clinical subjective 
versus objective laboratory criteria in the management of such 
patients. 
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DR. WALLACE P. RITCHIB, JR. (Closing discussion): Dr. Silen 
asked: Why go through the difficulty of assessing bile acids when 
there is such a good correlation between histologic gastritis and 
enterogastric reflux, at least as reflected by the bile acids? My 
answer is that the judgment of gastritis in gastroscopic biopsies 
had been controversial, and the classification unclear, for years, 
„and I think it is far more precise to measure something that is well 
standardized and quite sensitive, namely, intragastric bile acid con- 
centration, or any other good marker of enterogastric reflux. 

Really, histologic examination of gastric mucosa depends on 
orientation, staining technique and so on and requires an experi- 
enced pathologist, who may not be available to general surgeons 
everywhere. 

Dr. Silen also asked: What about the symptom of bilious vomiting 
as an indicator of patients who will benefit from diversion? I would 
agree that it is a sensitive indicator, in that all of the patients with 
proved bile reflux had bilious vomiting. I would suggest, though, 
that it is not specific, since almost one-quarter of the patients with- 
out considerably greater bile reflux than normal also had bilious 
vomiting. 

Dr. Sawyers asked about why the interval seems to be so long in 
some patients and relatively short in others. The average interval in 
our patients between operation and onset of symptoms was some- 
where in the neighborhood of a year, but few intervals were longer 
than that. 
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I have no answer for that. If bile acids are, in fact, involved 
in the development of gastritis and symptoms then the basic answer 
lies in resolving what the resistance factors of the gastric mucosa 
are to this unsalutory insult. A second answer might be that some 
of those patients do not really have alkaline reflux gastritis. . 

With respect to Dr. Adson’s comments, I hope that he might have 
a position for me on the house staff so that I can improve my history- 
taking skills in the near future. However, I would state that the 
criteria we chose for including patients in the study, although rela- 
tively loose, were precisely those that were detailed by the original 
Mayo Clinic article. In addition, we found that the most common 
symptom in these patients was, in fact, epigastric pain, followed 
by nausea. Bilious vomiting occurred in about half of the patients, but 
it required careful history-taking to elucidate that as an important 
part of the syndrome. 

He did mention that endoscopy is useful. I would have to take 
exception to that, along with some of my British colleagues, who 
indicate that endoscopic assessment of bile reflux and I think a more 
accurate technique, namely, intragastric intubation do not cor- 
relate at all. 

Finally, It may be that our history-taking is imprecise, but | would 
suggest that this is exactly the type of patient whom most general 
surgeons are converting to Roux-en-Y because of failure to find 
other abnormalities. If there is a lesson in the study, it is that we 
need to be more precise and take more precise measurements. 
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3 ser" intrav nously as soon as 

ie Umbilical cord is clamped. The second and 
third doses should be given as 2 grams intra- 
venously or intramuscularly 4 hours and 8 hours 
afterthe first dose. Subsequent doses may be 
given every 6 hours for no more than 24 hours. 


For complete details on dosage and administra- 
tion, seefull prescribing information. 


If there are signs of infection, specimens for 
culture should be obtained for the identification 


ce continuing adminis- 


Fd 


of the causative organisms so that appropriate 
therapy may be instituted. ` 


MEFOXIN (Cefoxitin Sodium, MSD) is contra- 
indicated in patients who have shown hypersensi 
tivity to cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is 
instituted, careful inquiry should be made to dete 
mine whether the patient has had previous hyper 
sensitivity reactions to cefoxitin, cephalosporins, 
penicillins, or other drugs. This product should be 
given with caution to penicillin-sensitive patients. 
ntibiotics should be administered with caution t 
any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reactio 
to MEFOXIN occurs, discontinue the drug. Seriou 
hypersensitivity reactions may require epineph- 
rine and other emergency measures. Use of the 
drug in women of childbearing potential requires 
that the anticipated benefit be weighed 
against the possible risks. 
For a brief summary of prescribing information, 
please see following page. 








Indications and Usage: Treatment- Serious infections caused Dy 
susceptible strains of the designated microorganisms in the following 
diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia 
and lung abscess, caused by Streptococcus pneumoniae (formerly 
Diplococcus pneumoniae ), other streptococci (excluding enterococci, 
e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non- 
penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by 

E. coli, Klebsiella species, Proteus mirabilis, indole-positive Proteus 
(i.e.,P morganii, P rettgeri, and P vulgaris), and Providencia species. 
Uncomplicated gonorrhea due to Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra- 
abdominal abscess, caused by E. coli, Klebsiella species, Bacteroides 
species including the B. fragilis group, and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellu- 
litis, and pelvic inflammatory disease, caused by F. coli, N. gonor- 
rhoeae, Bacteroides species including the B. fragilis group,+ 


Clostridium species, Peptococcus species, Peptostreptococcus species, 


and group B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneu- 
moniae), Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.* 
BONE AND JOINT INFECTIONS caused by Staph. aureus (penicil- 
linase and non-penicillinase producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus 
(penicillinase and non-penicillinase producing), Staph. epidermidis, 
streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, 
P mirabilis, Klebsiella species, Bacteroides species including the B. 
fragilis group, Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 
Although appropriate culture and susceptibility studies should be 
performed, therapy may be started while awaiting these results. Cefox- 
itin is not active in vitro against most strains of Pseudomonas aerugi- 
nosa and enterococci (e.g., Strep. faecalis) and many strains of 
Enterobacter cloacae. Methicillin-resistant staphylococci are almost 
uniformly resistant to cefoxitin. 
Prevention—Prophylactic use perioperatively (preoperatively, 
intraoperatively, and postoperatively) in surgical procedures (e.g., vagi- 
nal hysterectomy, gastrointestinal surgery) classified as contaminated 
or potentially contaminated or in patients in whom infection at the 
operative site would present a serious risk, e.g., prosthetic arthroplasty; 
intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 
MEFOXIN usually should be given ¥2 to 1 hour before the operation, 
which is sufficient time to achieve effective levels in the wound during 
the procedure. Prophylactic administration should usually be stopped 
. within 24 hours since continuing administration of any antibiotic 
increases the possibility of adverse reactions but, in the majority of 
surgical procedures, does not reduce the incidence of subsequent 
infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the 
surgical procedure. If there are signs of infection, specimens for culture 
should be ebtained for the identification of the causative organism so 
that appropriate therapy may be instituted. 
Contraindications: Previous hypersensitivity to cefoxitin anc the 
cephalosporin group of antibiotics. 


* Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY 


*SHOULD BE MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR 
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OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC 
REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. 
SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPH- 
RINE AND OTHER EMERGENCY MEASURES. 

Precautions: The total daily dose should be reduced in patients with 
transient or persistent reduction of urinary output due to renal insuffi- 
ciency because high and prolonged serum antibiotic concentrations 
can occur in such individuals from usual doses. As with other anti- 
biotics, prolonged use may result in overgrowth of nonsusceptible 
organisms; repeated evaluation of the patient's condition is essential. If 
superinfection occurs, take appropriate measures. Increased nephro- 
toxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

Interference with Laboratory Tests —As with cephalothin, high concen- 
trations (> 100 mcg/ml) may interfere with measurement of serum and 
urine creatinine levels by the Jaffe reaction and produce false increases 
of modest degree in creatinine levels reported; serum samples should 
not be analyzed for creatinine if withdrawn within 2 hours of cefoxitin 
administration. A false-positive reaction for glucose in urine has been 
observed with CLINITESTS reagent tablets. 

Pregnancy —In women of childbearing potential, weigh anticipated 
benefit against possible risks. 

Nursing Mothers — Cefoxitin is excreted in human milk in low 
concentrations. 

Infants and Children —Safety and efficacy in infants from birth to three 
months have not yet been established. In children three months and 
older, higher doses have been associated with increased incidence of 
eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been 
local reactions following intravenous or intramuscular injection. Other 
adverse reactions have been encountered infrequently. Local Reac- 
tions — Thrombophlebitis with intravenous administration; pain, 
induration, and tenderness after intramuscular injections. Allergic 
Reactions —Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — 
Transient eosinophilia, leukopenia, neutropenia, and hemolytic anemia; 
a positive direct Coombs test may develop in some individuals, espe- 
cially those with azoternia. Liver Function — Transient elevations in 
SGÓT, SGPT, serum LDH, and serum alkaline phosphatase. Renal 
Function —Elevations in serum creatinine and/or blood urea 

nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy 
should be maintained for at least 10 days to guard against the risk of 
rheumatic fever or glomerulonephritis. In staphylococcal and other 
infections involving a collection of pus, surgical drainage should be 
carried out where indicated. Intramuscular injections should be well 
within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary 
to avoid inadvertent injection into a blood vessel. The total daily dosage 
in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles 
containing 1 gram or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see 
full prescribing information. Merck Sharp & Dohme, 
Division of Merck & Co., INc.. West Point, PA 19486 
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Some of the finest surgical books — 
published come from 





WEB. Saunders. 


You're looking at seven of them. 


Rees 


AESTHETIC PLASTIC SURGERY 
Vols. | and Il 


This is the first and only book to cover every aspect of anesthetic 
surgery. Each problem is treated individually, and specific cases 
illustrate approaches and solutions. Volume | covers patient selec- 
tion, anesthesia, preoperative preparation, and rhinoplasty; Volume II 
discusses the eyes, face, hair transplants, chin, ears, and the rest 

of the body. It's a definitive, comprehensive, exquisitely illustrated 
masterwork! 

By Thomas D. Rees, MD. About 1168 pp. About 705 ill. Ready soon. Vol. 1 
About $75.00. Order #7519-0. Vol. 2: About $85.00. Order #7521-2. 
Two-Vol. Set: Order #7522-0. 


Sedgwick & Cady 
SURGERY OF THE THYROID AND 


PARATHYROID GLANDS (MPCS 45) 
2nd Edition 


This new revision presents the latest information on every aspect of 
surgery of the thyroid and parathyroid glands, including embryology, 
anatomy, pathology, pre- and post-operative care and detailed 
technical surgery. You'll find particular emphasis on carcinoma of 
the thyroid, new methods of diagnosis, and results of long time 
follow-up and changes in management. It's the only book to provide 
complete coverage of thyroid and parathyroid disease! 

By Cornelius E. Sedgwick, MD, Surgeon, Lahey Clinic Foundation; 
Chairman, Dept. of Surgery. New England Deaconess Hospital; Surgeon, 
New England Baptist Hospital; Associate Clinical Prof. of Surgery, Harvard 
Medical School; and Blake Cady, MD, Surgeon, Lahey Clinic Foundation 
and New England Baptist and New England Deaconess Hospitals: 
Associate Clinical Prof. of Surgery, Harvard Medical School. 241 pp. 
Illustrated. About $19.00. Ready soon. Order #8054-2. 


Anson & Donaldson 


SURGICAL ANATOMY OF THE TEMPORAL BONE 
3rd Edition 


This important new book provides accurate descriptions and illustra- 
tions of the developmental and surgical anatomy of the temporal 
bone. You'll find primary emphasis on surgically relevant detail. 

By Barry J. Anson, PhD (MedSc), Late Research Prof., Dept of Otolaryngol- 
ogy and Maxillofacial Surgery, College of Medicine, The University of 
lowa, lowa City; Robert Laughlin Rea Professor Emeritus of Anatomy, 
Northwestern University Medical School, Chicago; and 

James A. Donaldson, MD, FACS, Prof. of Otolaryngology, School of 
Medicine. The Univ. of Washington, Seattle. About 655 pp. 305 ill. 22 in 
color. About $35.00. Ready soon. Order #1292-X. 


Holder & Ashcraft 
PEDIATRIC SURGERY 


This new book emphasizes common pediatric surgical problems and 
those procedures a general surgeon is likely to perform. Authored 
by a premier pediatric surgeon, the book covers indications, pro- 
cedures, and possible complications; it progresses inclusively from 
relatively simple to very complex procedures. Its wide-ranging 
coverage serves the technical needs of the surgeon as well as the 
reference needs of the pediatrician, internist and family practitioner. 


By Thomas M. Holder, MD, and Keith W. Ashcraft, MD, both of the 
Children s Mercy Hospital, Kansas City, MO. With more than 80 contri- 
butors. About 1200 pp. About 630 ill. Ready October 1980. About $65.00 
Order 4737-5. 


Ponka 


HERNIAS OF THE ABDOMINAL WALL 


Thirty years in the treatment of hernia disorders form the basis of this 
practice-applicable work. Emphasis is placed on a clear under- 
standing of normal/pathological anatomy and the more common 
variety of hernia. An abundance of meticulous illustrations make the 
text an invaluable clinical tool. 


By Joseph L. Ponka, MD, Med. Director, W. Bloomfield Ctr. Senior Staff 
Surgeon, Henry Ford Hospital. Detroit; Clinical Prof. of Surgery, Univ. of 
Michigan Medical School, Ann Arbor. Illustrated by Bob Mohr. 644 pp 
292 ill. $57.50. June 1980. Order :t727 4-4. 


Eiseman 


PROGNOSIS OF SURGICAL DISEASE 


Organized for easy referral, Eiseman covers over 160 surgical 
diseases in atlas format. More than 200 decision trees provide statis- 
tical and actuarial data on treatment outcomes, survival and 
mortality rates, complication and morbidity rates, cureandrecurrence 
rates. Eiseman provides the data base upon which the majority of 
clinical decisions are made. 


By Ben Eiseman, MD, Prof. of Surgery, Univ. of Colorado Medical Center, 
Denver. Co. 534 pp. 222 ill. $37.50. May 1980. Order #3342-0. 


Mail this no-risk coupon today 
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; BILL ME/PLUS 


The new second edition of this invaluable clinical guide provides 
POSTAGE & HANDLING, 


step-by-step, illustrated guidelines for the diagnosis and manage- 
ment of life-threatening conditions. Totally newchapters are included 
on: acute head injury, extremity injuries with sepsis, and acute 
abdomen in the newborn. Each chapter is written by a leader in the 
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field specifically for the clinician who needs the right answers, i 

right away. Address 

By James D. Hardy, MD, FACS, Prof. and Chairman, Dept. of Surgery., ° 
of Mississippi Medical Center, Jackson, MS. With more than 50 eminent ^ S P -——— —— ———. 

contributors. About 755 pp. About 230 ills. Ready October 1980 ° AOS 9/80 
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for pain management 


in surgery 


E proven analgesic efficacy—as a pre- and 
postoperative agent... for patients in labor... 
as the analgesic component of balanced 
anesthesia 


fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
within 30-60 minutes IM, more rapidly IV 


2 mg of Stadol produces a degree of respira- 
tory depression similar to that of 10 mg of 
morphine or 7O mg of meperidine—unlike 
these agents, doubling the Stadol dose to 4 mq 
does not appreciably increase the magnitude 
of respiratory depression 


favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina 
tions is less than 1% 


nonscheduled—not subject to regulations 
under the Federal Controlled Substances Act 
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2 Stadol 
IV 


>» (butorphanol tartrate) 


proven performance in the relie 
of moderate to severe pain 


IM Bristo! Laboratories 
BRISTOL Division of Bristol-Myers Compan 
Syracuse, New York 13201 


Please see brief summary of prescribing information on the following pags 
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Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 

(2) 12/10/79 
INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
Supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS—Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently receivec 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: tg care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a history of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to el abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of gain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limitec to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS—Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered ": with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic dg the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver. 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stado! 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor peried 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at abou: 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration cf 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
—* Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing the: 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling (33, 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rdsh or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE—Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and-central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW.SUPPLIED—Stadol (butorphanol tartrate) Injection for I.M. or I.V. use, is available 

as follows: 

^. NDC 0015-5644-20—2 mg per ml, 2-ml vial 
NDC 0015-5645-20—1 mg per mi, 1-ml vial 
NDC 0015-5646-20—2 mg per mi, 1-ml vial 
NDC 0015-5646-23—2 mg per ml, 1-ml Disposable Syringe 
NDC 0015-5648-20—2 mg per ml, 10-ml multi-dose vial 


™ | Bristol Laboratories 
BRIST L Division of Bristol-Myers Company 
Syracuse, New York 13201 





25th ANNUAL 
CLINICAL 
CONFERENCE 


"Gastrointestinal Cancer" is the topic of 
the 25th annual Clinical Conference to be 
held in Houston at the Shamrock Hilton 
Hotel, November 5-7, 1980. The 
conference will focus on all of the major 
gastrointestinal cancers. Sessions will be 
devoted to a look at current concepts in 
gastrointestinal cancers; recent advances 
in pathology, screening and management 
of gastroesophageal, pancreas, 
hepatobiliary and large bowel cancers; and 
future research directions and prospects 
for control of gastrointestinal cancer. Co- 
chairmen: Dr. John R. Stroehlein and Dr. 
Marvin M. Romsdahl. 






















For additional information: 
Stephen C. Stuyck 
Information Coordinator 
M. D. Anderson Hospital 
and Tumor Institute 
Houston, Texas 77030 
(713) 792-3030 









FELLOWSHIPS IN 
TRAUMATOLOGY 


The Maryland Institute for Emergency Medical 
Services Systems, University of Maryland, offers 
a one-year training program in the management 
of massively injured or catastrophically ill 
patients. The Institute's 56-bed Shock Trauma 
Center is the state referral center for life- 
threatening trauma. About 1,200 patients are 
admitted annually, 60% by helicopter from the 
scene. The program provides Board eligible or 
certified surgeons with extensive experience in 
resuscitation, stabilization and definitive 
treatment of critically ill and injured patients. 
Fellows are also urged to participate in clinical 
trauma research. A second year of advanced 
training is available to those with specialized 
interests, including biomedical engineering, 
computerized patient profiles, epidemiology of 
trauma, hyperbaric medicine, critical care, 
research, and EMS field services and systems 
organization. 

For further information write: 


Clayton H. Shatney, M.D. 
Chief of Surgery and Traumatology 
Maryland Institute for Emergency 
Medical Services Systems 
22 S. Greene Street 
Baltimore, MD 21201 





.Central Hepatic Resection and Anastomosis for Stricture 
or Carcinoma at the Hepatic Bifurcation 


Ten cases of central hepatic resection for benign and malignant 
strictures are reported. Reconstruction was by hepaticojeju- 
nostomy with placement of a transhepatic silastic stent across 
the anastomosis. Four patients had carcinomas at the hepatic 
bifurcation. Four had high biliary stricture and two had intra- 
hepatic stones and strictures. Follow-up ranged from six to 30 
months. Two patients died in the postoperative period at two 
months and 18 months, both with widely patent hepatico- 
jejunostomies. Satisfactory results have been obtained in 
seven of the eight remaining patients. These seven are symp- 
tom-free and without jaundice. 


HE MANAGEMENT OF BENIGN and malignant 
T stricture at the bifurcation of the hepatic duct is 
an actively debated issue within the surgical com- 
munity. Proposed methods of treatment include dilata- 
tion and transhepatic intubation without resection,!” 
resection combined with major hepatic lobectomy,* ° 
and local resection with hepaticojejunostomy.® ? The 
merit of any mode of therapy must be judged on 
whether it achieves potential cure of presenting illness 
combined with effective palliation of the patient's 
presenting symptoms while at the same time achieving 
minimum postoperative mortality and morbidity. This 
report documents a three-year experience in which 
ten patients underwent central hepatic resection with 
hepaticojejunostomy over transhepatic silastic stents. 


Methods 


The patient population consisted of five males and 
five females, with an average age of 61 years, ranging 
from 27 to 80 years of age. The diagnoses included 
three cholangiocarcinomas at the hepatic bifurcation, 
one carcinoid tumor at the hepatic bifurcation, three 
known strictures secondary to iatrogenic trauma, one 
patient with injury to the common bile duct at the 
bifurcation presenting with a biliary cutaneous fistula, 
and two patients with intrahepatic gallstones and 


Presented at the Annual Meeting of the American Surgical 
Association, Atlanta, Georgia, April 23—25, 1980. 

Reprint requests: Thomas Taylor White, M.D., Department of 
‘Surgery RF-25, University of Washington, Seattle, Washington 
*98195. 


MICHAEL J. HART, M.D., THOMAS TAYLOR WHITE, M.D. 


From the Departments of Surgery, Swedish and 
University Hospitals Seattle, Washington 





multiple strictures of the intrahepatic bile ducts. The 
diagnosis of all patients was known at the time of sur- 
gery and had been established in 90% of the patients 
at a previous surgical procedure. All patients were 
jaundiced on admission with bilirubins ranging from 
2.6 to 16.0. Two patients with known benign strictures 
presented with evidence of an ascending cholangitis 
and underwent emergency operative procedures. 
Whenever possible, preoperative arteriography was 
obtained of the celiac and superior mesenteric arteries 
in order to define arterial anatomy and to rule out 
tumor encasement. Venous phase angiography was 
also performed to establish the patency of the portal 
venous system. These studies were found to be helpful 
in planning feasibility of resection for malignant le- 
sions. At surgery the bile duct was initially identified 
immediately above the duodenum (Fig. 1). It was then 
traced proximally into the hilum of the liver to deter- 
mine feasibility of resection. When technical feasibility _ 
had been established, the distal bile duct was divided 
and oversewn. The proximal bile duct was dissected 
free of the underlying hepatic artery and portal vein 
to the level of the secondary and tertiary hepatic 
radicals. The arterial and portal venous anatomy is 
quite variable at this level and visualization of all 
vessels is essential. The surrounding hepatic substance 
was then excised with the bile duct leaving two or more 
intrahepatic ducts exposed for anastomosis. If the right 
hepatic artery was involved in tumor mass as it passed 
beneath the bile duct, it was sacrificed. Care was taken 
not to dissect any of the remaining hepatic ducts 
further within the liver substance for fear of devas- 
cularizing the hepatic ducts. When technically feasible, 
several hepatic duct openings were joined together 
to form one anastomotic site. Using a modified Bakes 
dilator,'® the main right and left hepatic ducts were 
sounded and the Bakes dilator brought up through the 
substance of the liver to aid advancement of a trans- 
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3. AREA TO BE EXCISED 
(INFERIOR SURFACE) 


hepatíc silastic stent through the open bile ducts. (The 
silastic stent consisted of a medical grade Dow Corning 
silastic tubing with an inside diameter of 3 mm and 
outside diameter of 4 mm. Multiple side-holes were 
made in this tubing with a #0 leather punch to allow 
placement proximal and distal to the anastomosis.) 

* A Roux-en-Y jejunal limb was then brought up to the 
" hepatic hilum with the proximal end oversewn. Sepa- 
rate enterostomies were performed proximal to the 
oversewn end of the jejunal limb for the hepaticojeju- 
nostomies. The anastomoses consisted of two or more 
hepaticojejunal anastomoses performed in one layer 
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with an attempt at mucosal approximation. The silastic 
stents were placed across these anastomoses at the 
time of their performance. If mucosa to mucosa ap- 
proximation was impossible, the jejunal limb was 
anastomosed to the liver substance surrounding the 
given bile duct. In the postoperative period the trans- 
hepatic stents allowed for decompression of the anas- 
tomosis and for radiologic study of the anastomosis 
to determine patency and possible biliary leakage 
(Fig. 2). The earlier patients had their tubes left in 
for one year. We now recommend that these tubes 
be removed after three months. 
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Results 


In-hospital postoperative complications were ob- 
served only in the two patients who were operated 
oti emergently with ascending cholangitis. One of 
these patients developed Klebsiella pneumonia. The 
other developed an intra-abdominal abscess requiring 
drainage. In-hospital morbidity for the remaining pa- 
tients was minimal. At follow-up, one patient with a 
malignant stricture has developed a hepatic abscess 
which required drainage eight months postoperatively. 
One patient with iatrogenic bile duct injury died of 
widely spread metastatic carcinosarcoma of the uterus 
two months postoperatively although her hepatico- 
jejunostomy was functioning well at that time. Of the 
patients with malignancies of the bile duct, the patient 
in whom the hepatic abscess developed continues to 
remain jaundiced at nine months postoperatively with 
a bilirubin of 3.5 mg/dl. The remaining three patients 
with resected malignancy have no evidence of recur- 
rent tumor with follow-ups of eight months, 15 months, 
and 30 months. All have bilirubins of less than 1.5 
and alkaline phosphatase ranging from normal to three 
times normal. One patient has occasional episodes of 
chills and fever but is otherwise asymptomatic. The 
two patients with intrahepatic stones and strictures 
are asymptomatic with follow up of six and 12 months. 
Of the three patients with bile strictures, two are 
asymptomatic at eight months and 18 months with 
normal bilirubins; the third had a prolonged course 
consistent with secondary biliary cirrhosis with jaun- 
dice, portal hypertension, and hepatic encephalopathy 
and died at 18 months postoperatively of hepatic 
failure. In total, of the eight surviving patients, seven 
have bilirubins of less than 1.5 with alkaline phosphatase 
ranging from normal to three times normal levels, 
with follow-up six months to 30 months. 


Discussion 


An alternative mode of therapy for benign and 
malignant strictures of the hepatic ducts is local dilata- 
tion with transhepatic intubation on a long-term basis. 
The treatment has been advocated because of sim- 
plicity of performance, minimal morbidity, and satis- 
factory long-term results.? Our previous experience 
with nine patients with long-term transhepatic intuba- 
tion has been less than satisfactory. Transhepatic 
tubes become encrusted with biliary and enteric pre- 
cipitates and frequently occlude. Removal and replace- 
ment of tubes, though technically easy, is required 
with annoying frequency. Additionally, patient dis- 
satisfaction with local irritation at the tube exit site 
at the skin is frequent, and the presence of the tube 
on a long-term basis remains as a constant reminder 
‘of the patient’s disability and/or underlying malignancy. 
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FiG. 2. Radiograph through transhepatic stent showing patent 
hepaticojejunostomy. 


Another mode of therapy combines resection of the 
hepatic hilum with a hepatic lobectomy. Such a radical 
approach is undoubtedly required in some instances. 
We have done this three times. However, the natural 
history of cholangiocarcinoma arising at the hepatic 
bifurcation is one of relatively slow growth and local 
invasion.!! The requirement for a major hepatic lobec- 
tomy necessitates sacrifice of a major portion of the 
hepatic substance in a host who may be previously 
compromised by liver failure secondary to prolonged 
obstruction of the bile ducts. The risk of postoperative 
liver failure is markedly enhanced in such a depleted 
individual. 

Central hepatic resection with hepaticojejunal recon- . 
struction can be accomplished with minimal sacrifice 
of liver tissue and minimal fear of hepatic failure. 
Previously described techniques of hepaticojejunal 
anastomoses have called for the introduction of mu- 
cosal grafting into the hepatic ducts.'* The current 
technique using transhepatic stents, we feel, obviates 
this need for mucosal to mucosal cooptation. The 
presence of the silastic stent presumedly maintains 
a widely patent anastomosis while allowing mucosal 
overgrowth across any intervening hepatic paren- 
chyma. 

The duration of transhepatic stenting is also a con- 
troversial issue. In patients in whom resection has been 
omitted and the transhepatic stent remains as the major ` 
mode of therapy, the stent must remain in place in- 
definitely. In a patient in whom the stricture has been 
excised, however, the role of the transhepatic stent 
in maintaining the patency of the anastomosis is ill 
defined. In the early phase of our experience all trans- 
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hepatic stents were left in place for approximately 
one year. However, radiologic study via the trans- 
hepatic stent has failed to show any significant change 
in the anatomy of the anastomosis after two to three 
months postoperatively. For this reason it has been our 
recent posture to remove such tubes at less than 
three months postoperatively if the radiologic study of 
the hepaticojejunostomy is satisfactory at this point. 
To date there has been no evidence of recurrent 
stricture. 


Summary 


Central hepatic resection with hepaticojejunostomy 
for benign and malignant strictures of the hepatic 
duct bifurcation has been performed successfully upon 
ten patients within the past three years. In all patients 
transhepatic silastic stents were placed at surgery and 
used for decompression and radiologic study of the 
postoperative study. Postoperative morbidity has been 
acceptable and postoperative results excellent within 
the period reported. 
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DISCUSSION 


DR. WILLIAM P. LONGMIRE (Los Angeles; California): Drs. White 
and Hart in their excellent presentation have directed our attention 
to ten instances of high benign and malignant biliary obstruction 
they treated during the past three years. There were two late deaths 
and one failure of treatment, so satisfactory results were achieved 
in seven of ten of these difficult cases during a relatively short follow- 
up period. 

The authors' technique consists of exposing the ductal system 
at or above the confluence of the left and right hepatic ducts by 
the excision of a part of Couinaud's segment IV, followed by multiple 
hepaticojejunal anastomoses with transhepatic intubation for a 
period of three months. 

I wish to comment on two aspects of this paper, first, the necessity 
of excising any hepatic parenchyma for this type of bypass and, 
second, the technique of transhepatic intubation. 

As demonstrated in this dissection (slide) of normal extraparen- 
chymal- hepatic ducts, tertiary ducts can frequently be identified 
without resecting any of the hepatic parenchyma. Resection of liver 
tissue immediately above the ductal system may in some cases im- 
prove exposure but may also provoke troublesome minor bleeding, 
which tends to obscure the area one is trying to expose. I have 
generally found it unnecessary to excise any parenchyma. At times 
a small amount of liver tissue immediately surrounding the ducts 
may be bluntly dissected away. In benign strictures, all of which, 
-of course, have been previously operated on, a curtain of scar 
conceals the hilar region and suggests that everything above this 
level is intrahepatic, but once this curtain has been penetrated (slide) 
in most instances one is surprised to find the hilar structures out- 
side of the liver parenchyma and uninvolved by scar and inflamma- 
tory tissue. 

Transhepatic intubation of high biliary reconstructions is widely 
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used at present, generally for long-term intubation or to maintain 
mucosal approximation in difficult hilar reconstructions similar to 
those described by Drs. White and Hart. Their advice to leave these 
tubes in place for a period of only three months might be questioned. 
If residual tumor is present, as it will be in most of these patients, 
the stent provides a means of maintaining bile flow even in the pres- 
ence of significant tumor recurrence, (slide), although in some benign 
repairs stenting may be completely omitted or used for only a brief 
period. We have always felt that the less accurate the mucosa-to- 
mucosa anastomosis, the greater the need for long-term intubation. 
(slide) For any patient who has had a twice-recurrent stricture, 
long-term intubation offers the best chance of a successful outcome. 
It is the only method my colleagues and I have used in the treatment 
of difficult high benign strictures that has thus far been totally free 
of stricture recurrence. 

(slide) We have used a tube designed by Dr. L. William Traverso 
and marketed by Heyer-Schulte Company, Santa Barbara, Cali- 
fornia, which has radiopaque markers to identify the holes in the 
tube. (slide) The patients are instructed to irrigate their tubes daily 
with boiled water. At times, after high intrahepatic excisions, as 
many as four transhepatic tubes have been used. 

(slide) Our stenting routine has been one to three months for 
good mucosa-to-mucosa anastomosis, approximately one year for 
duct enteric approximation, and indefinite tube intubation for pa- 
tients with residual tumor. 


DR. STIG BENGMARK (Lund, Sweden): We have been using the 
same type of procedure over ten years, and we have had about 
the same experience, although our results have not always been 
as good as those described by White and Hart. 

I have one objection, however, and that is to the term central 
liver resection. It is important to standardize names of operations 
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so that they are as anatomically correct as possible. This operation 
is obviously a resection of the median segment of the left lobe. 

(slide) This slide shows the liver. We have all learned from text- 
books that the border between the left and the right lobes is at the 
fevel of the falciform ligament. This is, however, not true. If we 
study the internal anatomy of the liver, we will find that the border 
between the right and left lobes is at the level of the gallbladder; 
that is 4-5 cm to the right of the falciform ligament. There is a 
segment of the liver called, in modern anatomy, the median segment 
of the left lobe. 

(slide) This slide shows a cast of the portal tree. This is a vascular 
space localized at the level of the gallbladder, called the main heparic 
fissure, which is about | cm wide. There is another, smaller fissure, 
called the accessory hepatic fissure, which is at the level of the 
falciform ligament. This is the tissue named the median segment 
of the left lobe, which I would think is what Dr. White and Dr. Hart 
are resecting in order to get down to the bile duct system. Thus 
the proper anatomic name ought to be median segmentectomy. 

(slide) There are only two major vessels in these fissures, the 
median hepatic vein in the main hepatic fissure and left hepatic 
vein between the two segments. This slide (slide) shows the several 
types of operations performed on the liver. The different types of 
segmentectomies are discussed, as well as different lobectomies and 
extensive right hepatic lobectomy, which, unfortunately, has been 
called trisegmentectomy, another unnecessary name. 

(slide) This is how the liver looks after the median segment is 
resected; it is easy to understand how much easier it is to resect 
tumors in the bifurcation of the common duct and to perform re- 
constructive operations after the median segment is resected. 


DR. BERNARD ZIMMERMANN (Morgantown, West Virginia): I 
would like to comment briefly on the management of iatrogenic 
stricture, a technique which has served us well through the years, 
and a technical maneuver which has been helpful recently in dif- 
ficult situations. 

My mentor in this field was Richard Varco, who was greatly in- 
fluenced by the extensive work of our distinguished member, Dr. 
Waltman Walters (slide). 

Dr. Varco taught us to use the duodenum when possible, to 
dissect the damaged duct high enough to enable a mucosa-to- 
mucosa anastomosis and to avoid the use of tubes or stents wher- 
ever possible. 

Most of my experience was at Minnesota, and (slide) our subse- 
quent patients in West Virginia, though small in number (34 patients) 
have confirmed the value of this approach. The use of the duodenum 
is usually easier, and elimination of the Mann-Williamson effect 
has greatly reduced the incidence of upper gastrointestinal bleeding. 
Nevertheless, as has been emphasized by many recent authors and 
members of this organization, long-term splinting must some- 
times be substituted for an existing mucosa-lined duct. For this. 
my radiologic colleague, Dr. Elyaderani and I have used the 
following procedure. 

A percutaneous transhepatic cholangiogram is done in all in- 
stances (slide) and a catheter is introduced into the hepatic tree 
for preoperative decompression. Before the operation, the catheter 
is advanced to the point of obstruction. (slide) At operation, the 
presence of the catheter facilitates dissection, because the foreign 
body can be felt by the surgeon despite the existence of the scar 
tissue and distorted anatomy, and the veil of tissue which Dr. 
Longmire has referred to. 

(slide) The duct is opened, and the radiologic catheter is drawn 
into the wound. If a clean mucosa-to-mucosa anastomosis can be 
carried out, the catheter is withdrawn into the liver and removed 
in a few days after performance of a cholangiogram. (slide) If less 
than ideal tissue is available for anastomosis, a large, fenestrated 
Silastic tube is attached to the radiologic catheter and pulled through 
the biliary tree and the abdominal wall. This is more accurate (slide) 
and less traumatic than pushing it through with a rigid instrument. 
The anastomosis is then completed with a Roux-en-Y jejunal limb. 

(slide) We have used this procedure during the past year in four 
patients, and the patients to date have fared well despite severe 
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high hepatic duct injury. One has experienced bouts of cholangitis 
requiring antibiotics and occasional manipulation ofthe Silastic tube. 

Perhaps this is not the place in which to discuss more general 
aspects of the subject, but as I have alluded to, benign iatrogenic 
biliary strictures have occupied the attention of some of the most 
distinguished and accomplished members of this Association. I hope 
that our recent attention to postgraduate education and certification 
and attention to who performs operations will be even more effective 
in alleviating this unnecessary problem and allow us time to attack 
less understood aspects of surgical disease. 

In conclusion, I might mention the tumor which I would prefer 
to call the Altemeier-Gall tumor. In patients who are too sick to 
be operated on, we have treated these tumors (slide) by introduction 
of a radiologic catheter with a memory which shapes it into double 
pigtails. The two ends of the pigtail will grab the bottom and top 
ends of the tumor providing a channel and considerable palliation. 


DR. WILLIAM V. MCDERMOTT, JR. (Boston, Massachusetts): Like 
the previous discussants, I have followed this report with admiration 
and sympathy, sympathy engendered by a common struggle in the 
porta hepatis, and I might add a few comments relative to the techni- 
cal problems that we all encounter in this area. 

(slide) My associates and I recently reported a 15-year experience 
with carcinomas of the extrahepatic biliary tract, and for purposes 
of classification divided them into three groups. Our total experience 
includes about 40 patients, and we have added some other technical 
considerations, which I shall take up briefly. 

Periampullary carcinomas of the bile duct, of course, fall in- 
to the pancreaticoduodenal cancers, periampullary cancer. They 
are treated separately, since their management is by total or sub- 
total pancreatectomy. 

We also have this Type I tumor. This tumor can be managed 
either by a Whipple-type procedure or occasionally, in a limited 
tumor, by resection and end-to-end anastomosis. 

Type 3 tumors are not under consideration today because tumors 
involving the internal right and left bile ducts can be treated by 
right or left hepatic lobectomy. Dr. Bengmark has commented on 
the exact anatomic details. This is the group of tumors that we 
are talking about today, which we have called Type 2 in the area 
between the cystic duct and up, into and above the bifurcation. 

(slide) Type 2 tumors occur at the bifurcation. This slide illustrates 
one method of management of the tumors. If the tumor is small 
and localized, a resection above even the microscopic limits can 
be carried out with an end-to-end anastomosis, or the bifurcation 
can be completely excised and a common channel reconstructed. 
as was shown also as another technique. 

If one involves the bifurcation and one of the other hepatic ducts, 
there are various ways of reconstructing it. Here we have used the 
cystic duct to go to the right hepatic duct, and brought the commón 
hepatic duct to the left. In this instance, it was necessary to just bring the 
right hepatic duct over to a relatively uninvolved left hepatic duct, for 
another type of reconstruction and end-to-end anastomosis. 

My associates and I have used another technique to treat these 
cancers, which, often, extend well up into the trifurcation despite 
their apparent limitation by gross disease to the bifurcation. In this 
technique, when one gets beyond microscopic disease, one often 
encounters multiple hepatic ducts beyond the trifurcation, and the 
technique of reconstructing these for a biliary outlet has been touched 
upon. In three instances we brought up a Roux-en-Y limb, stripped 
the serosa so that a patch of mucosa presented, and identified any- 
where from three to five of the larger ducts. Smaller ducts were 
ligated. Then a Silastic tube from each duct was pulled through 
the mucosa of the approximated Roux-en-Y limb. The tubes were 
brought through the abdominal wall for removal some weeks or 
months later. i 

Initially, when we first tried this several years ago, I was not ^ 
optimistic about the long-term results, but, surprisingly, after re- 
moval of the stents, the anastomoses remained patent, without 
stricture, for more than three years. That encouraged us to continue 
this in two subsequent patients. With the modification of techniques 
discussed here, the results have been surprisingly satisfactory with- 
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out long-term stenting, although that is a subject that can be discussed 
endlessly and is perhaps more related to strictures than to tumors. 


DR. JoHN L. CAMERON (Baltimore, Maryland): We have also 
been interested in the management of biliary strictures (slide), both 
benign and malignant, that occur high in the hilum of the liver and 


' over the past ten years have managed 56 such patients: 28 with 


benign strictures and 28 with malignant strictures. 

We would agree with Drs. Hart and White that it is advisable 
to resect the benign or malignant stricture, if technically possible, 
but, actually, only about 20% of our malignant strictures were re- 
sected, and only about 70% of the benign strictures. In long-term 
follow-up studies we have been unable to see any advantage in 
those patients who had malignant strictures resected, in terms of 
longevity, or in the benign strictures in terms of recurrence. 

(slide) The following is a brief description of our technique. The 
stricture is either resected or, if not resected is dilated, and then 
either a Randall-Stone forceps or a Bakes' dilator is placed up into 
the right or left intrahepatic dilated biliary tree. A large Silastic 
stent (Dow Corning) is secured and brought back down through 
the liver. A hepaticojejunostomy with a jejunal loop is carried out 
over the stent. 

(slide) This technique of long-term Silastic stenting can also be 
used for the Longmire procedure. As long as the stent is left in, it 
ensures the long-term success of the Longmire procedure. The 
Longmire procedure is an ingenious operation, but one that in the 
past has not only been difficult to perform but has had entirely 
unsatisfactory long-term results. As long as one leaves the Silastic 
stent in place the success of this operative procedure is ensured. 

(slide) We have not brought the distal end of the tube out as a 
U tube, always preferring to leave it free in the Roux-en-Y jejunal 
loop. When brought out, it leaves two ends out in the patient's 
abdominal wall, and if two stents are left in place, as I think is 
advisable for malignant strictures, it means that there are four ends 
out in the abdominal wall. The distal end can be left free in the 
jejunal loop, and this still allows easy changing on an outpatient 
basis. A catheter can be placed down through the lumen of this 
Silastic stent, and then the catheter is left in place while the stent 
is removed. A new stent can then easily be slipped over the catheter 
back in place. This can be done in five to ten minutes as an out- 
patient procedure. 

For the benign strictures we have routinely left the stent in place 
for 12 months. In those series that have repaired strictures—benign 
strictures—with stents, and left them in for less than nine months, 
the incidence of recurrence has been considerable. To my knowl- 
edge, there is no series that has used Silastic stents and left them 
‘in for 12 months for benign strictures that has not almost uniformly 
had success rates close to 100%. 

For malignant strictures, we leave the tubes in indefinitely. Even 
though Klaskin tumors are small, slow to grow, and slow to me- 
tastasize, they almost invariably recur, and if the stent is removed 
before the patient dies, which my not be for years, a reoperation 
is almost certainly going to be necessary. 

(slide) In our 25 benign strictures that are now available 
for review, 18 patients have had their stents removed after one year, 
and have now been followed for a mean of almost five years. All 
are asymptomatic with no episodes of cholangitis. In three patients 
the repairs were so difficult that the stents have been left in per- 
manently, for a mean of three and a half years, and in one patient 
for more than five years, with no ill effects from leaving the stents 
in permanently. This has allowed the patients to remain asympto- 
matic. Only one patient in our series has had a recurrence, this 
was six years and nine months after his initial repair. He was re- 
operated on, redilated, and new stent was placed for a year. It has 

* now been out for longer than three years, and the patient again 
Is asymptomatic. 

(slide) More than one-third of those patients with malignant stric- 
tures discharged from the hospital have lived for longer than one 
year, about one-fifth have lived longer than two years, approximately 
10% for longer than three years, and one patient has lived longer 
than four years. Again, we leave the stents in permanently for these 
patients with malignant stricture. The stents do have to be changed 
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every three or four months, but I think this is a minor inconven- 
ience to the patients if it avoids further operations, which are al- 
most inevitable. 

I would like to compliment the authors on their successful but 
small series, and again question whether or not it is necessary @r, 
indeed, advisable to resect a stricture if it necessitates resecting 
liver parenchyma in the hilum. I think that the potential complica- 
tions to wound healing after a hilar resection might outweigh 
the advantages. 

Finally, I would again question the desirability of removing the 
stent with benign strictures before one year and for malignant stric- 
tures at any time. 


THE LORD SMITH (London, England): If you can resect a malignant 
tumor, you should. Far too often it is almost tacitly assumed that 
cancer in the hilum of the liver is nonremovable, and one concen- 
trates solely on palliation. A proportion of the tumor can be re- 
moved, and I believe strongly that if it can be taken away, it is 
the best thing to do, and one should at least make some attempt. 

I have to confess here that in those instances in which I have at- 
tempted this operation, | have sometimes achieved a success, but 
far more often than not I have found the tumor to be infiltrating 
outside the bile ducts into the vessels, and have had to abandon 
resection. However, | still believe it should be tried. 

Secondly, resectability and curability are two quite different things. 
I cannot recall a patient being cured even with a resection, but a 
long-term survival period of eight or nine years is not too uncommon. 

If one cannot resect the tumor, one must pallitate it if one can, 
in some way, because certainly patients live longer if jaundice 
is eliminated. It is my belief that some form of the Longmire opera» 
tion, diversion using the dilated biliary tree upstream from the tumor, 
is probably preferable to forcibly dilating, splitting and rupturing 
the cancer and then putting a tube through it. I am thinking of 
the comfort of the patients who have had one or another procedure, 
and I believe the diversion as a palliative measure is probably best. 

I do not believe that resection is necessary for benign iatrogenic 
stricture. I would accept that merely to dilate it and put a stent 
through it—I started using a transhepatic tube in this way in 1949, 
and I soon realized that merely putting a tube through a stent, and 
removing it later—did not allow epithelialization to occur in many 
of these strictures and restenosis was common. 

However, a transhepatic tube and a sleeve of jejunal mucosa pulled 
right up into the duct system above the stricture, on both sides, 
if necessary, one tube into each of the two duct systems, will give 
epithelial continuity, and it does succeed, in the sense that it elimi- 
nates the main cause of failure, that is restenosis, in a high per- 
centage of patients. 

To conclude, in my own series the patients whose treatment failed 
were those who had had three, four, five or more operations, going 
back for some years. These patients had cirrhosis, portal hyper- 
tension, often a secondary sclerosing cholangitis with a contracted 
rather than a dilated duct system, or a gross problem with sepsis 
and cholangitic abscesses in the liver. I do not know what can be 
done about these irreversible changes in the liver. I do not believe 
the technique we heard about this morning will add to the suc- 
cess rate. 


DR. THOMAS E. STARZL (Denver, Colorado): My colleagues and 
| have seen a number of the so-called Klatskin tumors, which have 
been referred to us for consideration of transplantation. We have 
treated some patients with liver replacement. 

That is not what I would like to discuss today. Instead, I want 
to mention how these tumors have been treated with a less radical 
approach similar to that presented by the Seattle group. Most of 
this work was done by Dr. Larry Koep who at last count had com- 
piled a series of 16 Klatskin tumors. Eight of the patients had re- 
sectable lesions. I shall not go into the details of the resections 
because the discussion by Dr. Longmire has already covered that 
ground. It is possible to resect the tumors without resecting hepatic 
tissue in most instances, and out into the secondary, and some- 
times even tertiary, divisions. 

In this work, Dr. Koep has used transhepatic U tubes. In his 
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comments, Lord Smith was too modest to point out that he intro- 
duced the U tube method we have been exploiting. It is also worth 
mentioning that the application of these techniques for Klatskin 
tumors was popularized by Dr. John Terblanche of Cape Town, 
South Africa. 

The technique Dr. Koep has been using for the U tubes with 
the Roux-en-Y reconstruction is almost exactly like that shown by 
Dr. Longmire in his discussion. We agree with Dr. Longmire that a 
U tube in a patient who has a Klatskin tumor usually is a life- 
time arrangement. 

One piece of information that I have not heard mentioned today 
came from The Massachusetts General Hospital a few years ago. 
That was a description of the unexpected radiosensitivity of these 
Klatskin tumors. Because of this, it is our opinion that Klatskin 
tumors should be treated with resection, if possible. With or without 
resection, the patients should receive U tubes that should be con- 
strued as permanent. All patients, whether undergoing resection 
or not, should be treated with radiotherapy. Six of eight patients 
with resectable tumors treated in this way are still alive after 1— 
29 months. Four of eight patients with nonresectable tumors are 
alive after 6-24 months. 

Last summer, Dr. Koep readmitted about six patients to check 
the presence or absence of tumor. At the time the U tubes were 
changed, he was able to slip in endoscopes and to have a good 
look at the sites of the anastomoses and to perform biopsies. 
It was surprising and edifying to realize how frequently there 
was no tumor found, even in the patients whose tumors could not 
be resected at the first operation. 

Another large series in which irradiation was combined with opera- 
tion was reported in San Francisco last autumn at the International 
Surgical Society by a Japanese team headed by Dr. Yoji Iwasaki. 
The number of patients in that series was large, and the results 
were encouraging. 


DR. THOMAS TAYLOR WHITE (Closing discussion): Drs. Longmire, 
Cameron and Starzl have been saying that in most instances it is 
not necessary to resect beyond the limits of the bile duct. My as- 
sociates and I performed nine resections using this technique be- 
tween 1971 and 1977, removing the bile duct and whatever sur- 
rounding tumor we could and then inserted a U tube; we had many 
recurrences. My first experience with U tubes alone was with Dr. R. 
Franklin Carter in New York City in 1948, when I was a resident 
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at Postgraduate Hospital. Dr. Saypol one of his ex-assistants, has 
written about this. The main problems at that time were infection 
and incrustation of the tubes. The Silastic tube Dr. Cameron has 
been describing also encrusts, sometimes so frequently that we have 
to change them every two months. We now use single arm tubes 
rather than U tubes, much as he does, and these are quite satisfactory. 

What persuaded us to resect was a description of this operation. 
Dr. Bengmark gave us three or four years ago. He took out not 
only the medial segment, but a rectangle of liver with tumor. We 
performed a resection on our first patient, a man who is still working 
as a foreman in a ship yard, and left two tubes, but the patient 
kept complaining about the bother of the tube sticking out of his 
side. We finally removed the second tube one year later. He has 
not had any particular problems. 

I wonder whether or not it is necessary to bring the mucosal 
patch up, as Lord Smith and others have suggested. | wonder 
whether of not merely sewing the open jejunum to the area around a 
cleanly cut area will be followed by ingrowth of mucosa or not. 

I agree with Lord Smith that the length of time tubes should be 
left in depends on whether or not you are dealing with a tumor 
which you have left behind. I believe better palliation can be achieved 
if the tubes are removed after the whole area has been resected. 
This is especially true since it is possible to replace tubes percutane- 
ously, a maneuver which was not possible ten or 15 years ago. 
The tube should be removed three or four months after resection 
for benign strictures. We are not certain whether or not this is the 
appropriate method as yet. 

In response to Dr. Zimmerman's comment on preventing stric- 
tures, we see only about one complete or partial division per 900 
admissions in the Seattle area, mostly damaged by Board surgeons. 
I think that this will continue to happen at a rate of one per 1000 
with trained people performing the operations in difficult patients. 

I agree with Drs. Cameron, Longmire, Starzl and Smith that re- 
section for tumor should be carried out if at all possible. We use a 
4 mm Silastic tube rather than the 6 mm tube in most instances. 

Relative to radiosensitivity, I was guest of the Japan Surgical 
Society earlier this month at their annual meeting in Sendai, and 
the only comment I could make about this is that many of the older 
surgeons in Japan think that intraoperative radiation treatment of 
tumors of the bile duct and pancreas is a good idea, while the 
younger surgeons think it is awful because they have to take care 
of the patients when they vomit all the time. I am not quite sure 
who is right. 


Preservation of the Pylorus in Pancreaticoduodenectomy- 


A Follow-up Evaluation 


L. WILLIAM TRAVERSO, M.D., WILLIAM P. LONGMIRE, JR., M.D. 


We have previously reported our efforts to minimize post- 
gastrectomy symptoms in two patients with benign disease who 
underwent resection of the head of the pancreas and the 
duodenum. In these cases the pylorus and first portion of the 
duodenum were preserved during pancreaticoduodenectomy. 
Our experience has now been extended to encompass 18 
patients, eight of whom were available for comprehensive 
evaluation an average of six months postoperation. These 
studies have attempted to differentiate malabsorption of 
pancreatic insufficiency from possible gastrointestinal dys- 
function of the new alimentary connection. Pancreatic in- 
sufficiency was evaluated by a 72-hour stool collection and 
radioactive trioctanoate (RATO) test. Gastrointestinal absorp- 
tion was evaluated by D-xylose excretion and the Schilling 
test, as well as serum vitamin A, vitamin B-12, carotene, 
folate, iron, and total iron binding capacity. Gastrointestinal 
secretion and motility were assessed by using pyloric fluoros- 
copy, gastric barium emptying, the Hunt test, and gastric 
acid apalysis. Finally, a questionnaire regarding clinical symp- 
toms of postgastrectomy syndromes and malabsorption was 
answered. Although every patient exhibited marked pancreatic 
insufficiency by laboratory tests, 88% described normal formed 
bowel movements, and weight loss was claimed by only 25%. 
Other test findings were generally normal. While the follow-up 
period has been limited to three years, the current data 


‘demonstrate that gastrointestinal function subsequent to 


preservation of the pylorus has not thus far predisposed to 
postgastrectomy syndromes or marginal ulcers. All of the 
patients required intensive pancreatic enzyme replacement. 


URING ' PANCREATICODUODENECTOMY for pan- 
D creatic cancer, a 50-70% gastrectomy with or 
without truncal vagotomy is customarily performed to 
prevent marginal ulcer from developing at the gastro- 
jejunostomy and to provide an adequate pancreatic 
tumor resection. However, removal of the pylorus 
during pancreaticoduodenectomy for benign disease 
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may needlessly predispose the patient to postgastrec- 
tomy symptoms of dumping, diarrhea, or dyspepsia. 
We previously reported two patients in whom the 
pylorus as well as the first portion of the duodenum 
was preserved, one for chronic pancreatitis and the 
other for a distal duodenal carcinoma (Figs. 1 and 2).* 
Both patients remained free of postoperative complica- 
tions related to the preserved pylorus; they had no 
gastric outlet difficulty, nor did they complain of post- 
gastrectomy symptoms. Since then, we have had this 
experience with 18 patients, and this report concerns 
the impact that postpancreaticoduodenectomy with 
pylorus preservation had on gastric secretion, gastric 
emptying, exocrine insufficiency, and small bowel 
absorption. 


Materials and Methods 


In the two-year period between 1977 and 1979, 
18 patients underwent pancreaticoduodenectomy (four 
total pancreatectomies) with preservation of the 
pylorus for chronic pancreatitis or for early periampul- 
lary carcinoma. Eight patients were available for evalu- 
ation from two months to one year postoperation. 
Six had been diagnosed as having chronic pancreatitis: 
three total pancreatectomies, three Whipple pro- 
cedures, one a distal duodenal carcinoma (Whipple), 
and one a small pancreatic carcinoma (Whipple). 
All those who had a pancreatic remnant underwent 
a duct-to-jejunal anastomosis. They were questioned 
carefully concerning weight loss, nausea and vomiting, 
postprandial cramping, diarrhea, steatorrhea, and early 
satiety. Gastric emptying and pyloric function were 
observed via an upper gastrointestinal series with 
barium. Gastric emptying was also evaluated by using 
a standard Hunt test. After fluoroscopy of the naso- 
gastric tube in the stomach, gastric analysis was per- ° 
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Fic. 1. Area of pancreas and duodenum resected. Ligation of 
right gastric and gastropyloric vessels to preserve the vascular arcade 
on lesser and greater curvature of the stomach. An intact neuro- 
vascular supply to the pylorus and first portion of the duodenum 
' is mandatory for success (see Discussion section). (Reprinted with 
permission from Surg Gynecol Obstet 146:959, 1978.) 


formed by basal and pentagastrin-stimulated measure- 
ments. Exocrine function was assessed with the radio- 
active trioctanoate test (RATO),* a 72-hour stool was 
checked for fecal fat after a regimen of oral enzyme 
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Fic. 2. Reconstruction with 
lateral pancreaticojejunostomy, 
end-to-side choledochojejunos- 
tomy and end-to-side duodeno- 
jejunostomy. (Reprinted with per- 
mission from Surg Gynecol Ob- 
stet 146:959, 1978.) 
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supplements on a regular diet and finally, the Schilling 
test, showing dependence on exocrine enzymes for 
absorption of vitamin B-12 in the ileum. The pancreas 
is thought to provide a third factor essential to B-12 
absorption, aside from extrinsic and intrinsic factors.’ 
The status of small bowel absorption was evaluated 
by using serum carotene and the oral D-xylose test 
with a five-hour urine collection. These methods 
were employed to evaluate the effect of pancreatico- 
duodenectomy and pylorus preservation on alimentary 
function and postoperative exocrine insufficiency. 


Results 


The clinical symptoms listed in Table 1 and the 
following test results were obtained an average of 5.75 
months postoperation (range: 2-12 months). The 
results of pylorus fluoroscopy and gastric emptying 
during a gastrointestinal series using barium were 
normal in all patients. Findings of the Hunt test were 
normal in all but one patient, who was asymptomatic 
with normal radiographic gastric emptying. Gastric 
analysis yielded normal to achlorhydric results in all 
patients. The basal acid mean output was 1.9 mEq/hr 
(0—4.1) and the maximum acid mean output was 17 
mEdq/hr (0.1—24). 

Pancreatic exocrine function was found to be ab- 
normal in all patients; 72-hour fecal fat collections 
averaged 44 grams/24 hours (13-145); normal was 
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TABLE 1. Postoperative Clinical Symptoms 
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Symptom Yes 





Weight loss 

Vomiting 

Early satiety 

Postprandial cramps 
Postprandial diarrhea 
Increased bowel movements 
Oily stools 

Improved with enzymes 
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* Cleared after one month. 
t Three took no oral enzyme supplements. 


less than 7 g/24 hours. Results of the RATO test were 
markedly abnormal in every patient regardless if 
pancreatic enzyme supplements were taken: an aver- 
age 1.15% recovery of isotope (0.0-3.4%) (normal 
recovery: 18.6 + 2.6%). The average recovery for total 
pancreatectomy patients was 1.4% (0.4-3.4%), and 
for those with cephalic pancreaticoduodenectomy, 
it was 1.0% (0.0—2.8%). 

Findings of the Schilling test were abnormally low 
in 24-hour urine counts for one patient (1.0% of orally 
administered labelled vitamin B-12), while the re- 
maining patients averaged 11% (4.8—20.896) with an 
abnormal count less than 346. Results of the D-xylose 
test for small bowel absorption were abnormal in two 
patients who had undergone resections for cancer. 
An average of 6.9 g (3—10 g) of xylose was excreted in 
a five-hour urine sample after the oral administration 
of 25 g ef D-xylose (normal was greater than 5 g). Serum 
carotene obtained in six patients was abnormally low 
in 5, averaging 45 g/dl (10-136), normal being 
50—250 ug/dl. 


Discussion 


Alimentary and pyloric functions subsequent to 
pancreaticoduodenectomy and pylorus preservation do 
not seem to be impaired. The postgastrectomy syn- 
drome was not present in our series. One patient who 
suffered persistent evening vomiting for one month 
postoperation was found, on fluoroscopy, to have 
normal pyloric function and gastric emptying. In all 
cases, gastric analyses failed to reveal a hypersecre- 
tory state that could follow pancreatic or biliary bypass 
into the small intestine. Normal acid secretion was 
present in all but one achlorhydric patient. No marginal 
ulcers were found, although ulceration might have 
occurred if a functioning pylorus had been removed in 
the presence of normal gastric acidity. 

Grant and van Heerden,' in a review of 297 patients 
who had undergone either radical pancreaticoduo- 
denectomy or total pancreatectomy, found that 18 (6%) 
patients had developed an anastomotic ulcer and that 
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total pancreatectomy was more ulcerogenic than the 
subtotal procedure. The average interval from opera- 
tion to diagnosis of ulcer was 1.25 years, ranging from 
one month to 12 years; eight patients developed mar» 
ginal ulcer in less than one year, five of whom had 
undergone a total resection. Four patients developed 
ulcers during the second year, three the third year, 
and three developed ulcers more than three years after 
operation. 

The marked pancreatic insufficiency (demonstrated 
by breath test and fecal fat elevation) in all six patients 
without cancer, in the presence of normal small bowel 
absorption, is highly significant. This lack of fat as- 
similation was not always detected clinically, inasmuch 
as only half of our patients claimed oily stools or 
increased bowel movements. Although the incidence 
of weight loss was 2546 in our series, the percentage 
might have increased if patients had not continued a 
high-calorie intake to overcome the malabsorption. 
Javid,? as well as Wollaeger and colleagues,'" have 
shown that fecal fat loss increases to an average of 
30% after subtotal gastrectomy alone. A pancreatico- 
duodenectomy with gastric resection would compound - 
the problem of diminished fat assimilation if oral 
pancreatic enzymes were not adequately replaced. We 
have been encouraged by the use of Pancrease?* in 
these patients after they are determined to have exo- 
crine insufficiency. Microspheres of enteric-coated 
pancreatic enzymes are dispersed in the gastric mulch, 
delivering a highly active product to the jejunum. 
A double blind study comparing this drug to other 
commercial enzyme supplements has shown signifi- 
cantly improved weight gain and fat assimilation.® 
Our experience also confirms the fact that refractory 
steatorrhea and weight-loss are ameliorated with 
Pancrease. 

Alimentary function subsequent to pancreaticoduo- 
denectomy has been rarely assessed because most 
patients who suffer from pancreatic cancer survive 
only a short time. Fish and associates? studied six 
patients for periods lasting from 20 to 84 months after 
the Whipple procedure for periampullary carcinoma, 
none of whom had undergone a duct-to-jejunal anas- 
tomosis. All manifested some pancreatic insufficiency; 
half were unable to gain weight, yet showed normal 
intestinal absorption by D-xylose test. All had in- 
creased fecal nitrogen and fat levels that improved with 
more adequate pancreatic enzyme replacement. Four 
patients suffering from cancer of the duodenum or 
papilla of Vater were studied by Christiansen and 
colleagues! for periods from eight to 27 months fol- 
lowing pancreaticoduodenectomy and a pancreatic 
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stump-to-stomach anastomosis. Fecal fat excretion 
was markedly elevated in two patients, and all had 
low-to-minimum pancreatic enzyme levels in the 
proximal jejunum. Those with fecal fat elevation also 
showed the highest peak acid output during gastric 
analysis. Pancreatic anastomoses, whether con- 
structed to the duct or the stump, functioned poorly 
in our patients as well as in those reported in the fore- 
going two studies.'? These data underscore the need 
for vigorous exocrine enzyme replacement after all 
pancreaticoduodenectomies until the findings of fecal 
fat studies approach normal levels. 

Although we have observed no postoperative com- 
plications with the eight procedures during our limited 
three-year follow-up period,* there have been two 
reports of postoperative problems. Gall and Gebhardt? 
have performed three pylorus preservation procedures 
and describe two instances where reoperation was 
necessary, each associated with jejunal loop strangula- 
tion in the mesocolon as the stomach shifted from 
the subhepatic area through the mesentery. While 
we routinely suture the retrocolic jejunal loop to the 
mesenteric defect and do not anchor the stomach, 
these investigators suggested that the lesser curvature 
be sutured to the ligamentum teres. Other European 
surgeons have described gastric erosions following this 
procedure. Such complications would be best avoided 
by insuring an adequate neurovascular supply to the 
pylorus. Otherwise, gastric stasis and ulcers would 
develop behind a nonfunctioning or strictured pylorus. 


Addendum 


Subsequent to the preparation of this report, one patient was 
admitted 16 months postoperation with a suspected but unproven 
peptic ulcer and upper gastrointestinal hemorrhage. Her diagnosis 
has been complicated by a severe fatty liver, abnormal liver function 
tests, and evidence of moderate portal hypertension. 


Case Report 


A 16-year-old girl with a congenital obstruction of the duct of 
Wirsung, an abnormal glucose tolerance, and three previous opera- 
tions for pancreatic drainage, underwent total pancreatectomy with 
preservation of the pylorus for severe chronic pancreatitis on 
September 6, 1978. When readmitted to the hospital on November 


* See Addendum. 


DISCUSSION 


DR. JoHN WiLLIAM BRAASCH (Boston, Massachusetts): Pyloric 
and gastric preservation has several possible advantages for the 
patient having a pancreaticoduodenectomy. It is probable that mal- 
absorption after Whipple resection is partly caused by concomitant 
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5. 1978 for an elective re-evaluation of her gastrointestinal function, 
findings of gastric analysis, upper GI series and Hunt test were 
normal. The RATO test indicated inadequate digestion and absorp- 
tion of fat. She was asymptomatic, eating well and had regained 
her usual weight. She was taking 35 units of NPH insulin daily 
and three Pancrease capsules with each meal. 

The patient was readmitted on January 27, 1980 with severe 
epigastric pain and tenderness about an incarcerated upper mid- 
line incisional hernia. Results of an upper GI series were nega- 
tive and the gastric analysis remained unchanged. Endoscopic 
examination disclosed moderate esophageal varices and what was 
thought to be a superficial ulceration in the pyloric channel. Liver 
function test results were abnormal and severe fatty changes were 
present in tissue obtained by liver biopsy. On February 8, 1980 
she was discharged, taking Cimetedine with antacids and feeling well. 

An acute upper gastrointestinal hemorrhage required emergency 
admission on February 23, 1980, but after her condition was stabil- 
ized by the transfusion of 6 units of blood no further bleeding oc- 
curred. On endoscopy, a bleeding duodenal erosion was suspected. 
Three days later at re-exploration, however, no ulcer could be 
found in the stomach, duodenum or jejunum. The duodenal and 
jejunal mucosa was quite friable and bled readily. Enlarged veins 
were noted about the lower esophagus. Vagotomy and antrectomy 
were performed. No ulcer was present in the resected stomach, 
duodenum or jejunal margin. The findings suggest that bleeding 
stemmed from moderate portal hypertension with duodenitis 
and jejunitis. 
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gastric resection. It may be possible to avoid some of the digestive i 
and absorptive defects by gastric preservation. 

Pyloric preservation markedly reduces operative time since no 
vagotomy is performed, no dissection of the stomach is necessary 
and the anastomosis of the duodenum is much simpler than that 
using stomach. j 
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The cause of jejunal ulcer*after Whipple resection is unknown. 
The incidence has varied from the 6% of Van Heerden reporting the 
Mayo series to 20% in Warren's report of the Lahey Clinic series. It 
must be remembered that the latter series was quite heavily weighted 
with patients with only a minimal resection of the pylorus and antrum 
and a large parietal cell mass remaining. Therefore, jejunal ulcer 

-has seemed to be related to large amounts of secreting stomach 
being present, with loss of buffering capacity from the pancreas. It 
is possible that the loss of a pylorus could allow alkaline reflux, 
antral stimulation, subsequent parietal cell stimulation and resulting 
increased gastric secretion. We are hopeful that pyloric preserva- 
tion can prevent jejunal ulcer formation by preventing this possible 
chain of events. 

Since June of 1979, | have performed 13 pancreaticoduodenectomies 
with pyloric and gastric preservation without mortality. No jejunal 
ulcers have occurred. Gastric emptying postoperatively has not 
been unduly prolonged, and gastric acidity has not increased. In 
short, I substantiate on a short-term basis the findings of Drs. 
Traverso and Longmire and congratulate them on an important 
variation in the Whipple procedure. 


DR. MARTIN A. ADSON (Rochester, Minnesota): Five years ago I 
was operating on a patient who had constant pain from pancreatitis 
confined to the head of the gland. ERCP studies had shown small 
ductal disease, and I saw no alternative to the so-called Whipple 
operation. 

However, at the same time, I had begun to review my personal 
experience with operations for primary pancreatitis and was im- 
pressed by the number of patients who later had duodenal 
ulcers, about 15 or 20% of them. Also, my colleagues, Drs. Grant and 
van Heerden, had begun a study that showed an 8% incidence of 
duodenal ulcer after Whipple operations and total pancreatectomy. 
Knowing that another of my colleagues, Keith Kelly, was a charter 
member of the Pyloric Preservation Society, I wondered why I 
must disturb the gastric and pyloric function in my need to remove 
the pancreatic head. So I did then, five years ago, a Traverso- 
Longmire operation, and did another one six months later. 

I met Dr. Traverso a year or so ago, and we discussed this concept. 
Knowing of my interest, he has asked me to discuss his paper. I can 
say only that his work is elegant. 

| can contribute some medium long-term follow-up results 
which | am sure Dr. Longmire and Dr. Traverso will give us in the 
years ahead. 

I spoke with both of my patients by phone a few days ago. Both 
weigh more than they did before the pancreas was removed. One 
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says he has no problem eating, has gained five pounds, and the 
other said, “I eat anything." 

(slide) Abba Eban said one night on the Dick Cavett Show, “Men 
may act wisely only when disappointed by the alternatives." We 
all know the alternatives which are disadvantageous in terms of conf 
promised intestinal function. I think, that Drs. Traverso and Long- 
mire have shown wisdom in their approach. 

I have used in my reconstruction a method that Jonathan Rhoads 
has written about over the years— insertion of the pancreas into the 
stomach. That has worked well. 


DR. L. WILLIAM TRAVERSO (Closing discussion): I would like to 
re-emphasize some of Dr. Braasch's excellent points. 

Both discussants mentioned the persistent incidence of marginal 
ulcers following pancreaticoduodenectomy in regard to Grant's 
study from the Mayo Clinic. !t seems that the incidence of marginal 
ulcers after total pancreatectomy is slightly higher than after a 
Whipple procedure. 

(slide) The deficiency in our study is that, at most, the follow-up 
period is three years. This slide points out that, although most of the 
patients with either a total or a cephalic pancreaticoduodenectomy 
had their ulcers develop within three years, the incidence of ulcera- 
tion, here on the vertical, can still occur eight, nine or ten years 
postoperatively. Total pancreatectomy seems to have a higher 
incidence than the Whipple procedure, and a plateau occurs at about 
three years. 

If we were to go farther into the Mayo study, it seems that patients 
with chronic pancreatitis also have a higher incidence of marginal 
ulceration in comparison to periampullary carcinoma. 

In regard to maintaining the pylorus as a functional unit, it is 
paramount to have normal innervation of the antrum and pylorus, 
an adequate blood supply and a pyloric muscle unimpeded by 
sutures. German surgeons have claimed that after this pylorus preser- 
vation procedure gastric erosions developed. This may be because 
the neurovascular supply to the pylorus was compromised in some 
manner, resulting in gastric retention and thereby promoting gastric 
erosions. 

The second complication of this operation has been jejunal torsion 
of the new duodenojejunostomy, as the jejunum passed through 
the mesocolon in a retrocolic fashion. It has been suggested that the 
lesser curvature of the stomach be anchored so that herniation 
through the mesocolon does not occur. This has not been a problem 
in our series. 

Thank you, Dr. Adson, for the follow-up results on your two 
patients, which are five years out now without marginal ulcerations. 


Surgical Management of Crohn's Disease 


Influence of Disease at Margin of Resection 


LARRY PENNINGTON, M.D., STANLEY R. HAMILTON, M.D.,* THEODORE M. BAYLESS, M.D., JOHN L. CAMERON. M.D. 


To determine the influence of microscopic disease at an 
anastomosis following intestinal resection for Crohn's disease, 
97 patients undergoing 103 resections were reviewed. Most 
resections (85/103) involved both small and large bowel and 
were followed by an ileocolic anastomosis. All resection mar- 
gins were available and were reviewed. In 52 instances there 
was no evidence of Crohn's disease at the margins. In 51 in- 
stances histologic evidence of Crohn's disease varying from 
chronic inflammation to tissue destruction was present in one 
or both margins. The incidence of immediate postoperative 
anastomotic complications (leak with fistula or abscess, or ob- 
struction) was identical in patients with microscopically 
normal margins (3/52; 6%) and in patients with microscopic 
Crohn's disease at the margins (3/51; 6%). The patients were 
followed for a mean of 5.4 + 4.2 years. A clinical recurrence 
developed during the follow-up period in 50% (26/52) of those 
patients with normal margins, and in 61% (31/51) of those pa- 
tients with involved margins. A suture line recurrence de- 
veloped in 35% (18/52) and required reoperation in 17% 
(9/52) of those patients with microscopically normal margins. 
A suture line recurrence developed in 41% of the patients 
(21/51) and required reoperation in 24% (12/51) of those with 
microscopically involved margins. None of these differences are 
statistically significant. The presence or absence of microscopic 
disease at the anastomosis did not appear to influence im- 
mediate anastomotic wound healing or long-term recurrence 
rates. We therefore recommend conservative resections for 
Crohn's disease to achieve grossly uninvolved margins rather 
than the sacrifice of normal bowel to achieve histologically 
normal margins. 


OST PATIENTS WITH Crohn's disease eventually 
M require surgical intervention.*? Resection rather 
than bypass is currently the preferred procedure. In an 
attempt to rid the patient of disease and prevent or 
lessen the chance of recurrence, many surgeons resect 
a wide margin of grossly normal bowel on either end of 
the involved segment.?*'? In addition, some surgeons 
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obtain frozen sections at the time of surgery, and 
resect bowel until a microscopically normal margin is 
obtained. Very little information is available on the 
presence or absence of disease at the resected bowel 
margin and the subsequent clinical course of the dis- 
ease. In the present study we have attempted to de- 
termine the influence of residual microscopic disease 
at an anastomotic margin on the incidence of suture 
line complications immediately following surgery and 
on long-term recurrence rates. 


Clinical Material 


All available charts of patients undergoing intestinal 
resection and reanastomosis for Crohn's disease at The 
Johns Hopkins Hospital from 1958 through 1977 were 
reviewed. Only those patients for whom the histologic 
sections of both margins were still available for exam- 
ination were included. Those patients with incomplete 
charts, or in whom the diagnosis was in question, were 
excluded. Ninety-seven patients undergoing 103 resec- 
tions qualified for the study. Their ages ranged from 
14 years to 75 years and averaged 32 years. Fifty-four 
patients were males and 43 were females. Eighty-eight 
patients were white and nine were black. Symptoms 
of inflammatory bowel disease had been present for 
an average of 7.3 + 6.8 years before resection. Thirty- 
nine patients in the series had surgery related to their 
Crohn's disease prior to the resection being evaluated 
in this study and 23 had undergone a prior resection. 
These prior resections had been performed before 1958. 
or at another hospital. In the present study the majority 
of resections (85/103) included both small and large 
bowel with aconcurrent ileocolic anastomosis. In some 
instances, however, the anastomosis involved only 
small bowel (14/103) or only colon (4/103). The average 
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Fic. 1. Examples of bowel margin classification categories. (A) 
Margin classified as Category 2. The villi are blunted, shortened and 
thickened. The lamina propria shows increased numbers of chronic 
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length of bowel resected was 56 + 35 cm. Mean fol- 
low-up after these 103 resections was 5.4 + 4.2 years. 

The microscopic sections of the resection margins 
representing the bowel contiguous with the proximal 
and distal margins of the anastomosis were examined 
for all 103 cases. The margins were classified into four 
categories on the basis of the character and severity 
of inflammation. The first category had no histopatho- 
logic evidence of Crohn’s disease. The acute changes 
of surgical manipulation such as edema and margina- 
tion of polymorphonuclear leukocytes in blood vessels 
were frequently present. The second category included 
margin specimens that showed changes of chronic in- 
flammation. Increased numbers of lymphocytes and 
plasma cells enlarged the lamina propria of the mucosa 
and occasionally involved the submucosa of the bowel 
wall. Some of these showed lymphoid hyperplasia, foci 
of pyloric metaplasia of crypts, and fibrosis. The third 
category included findings of both acute and chronic 
inflammation. Polymorphonuclear leukocytes were 
present in the epithelium and lamina propria of the 
mucosa, and in some instances involved the sub- 
mucosa. Chronic inflammation and other changes pres- 
ent in the second category were also present. The 
identifying characteristic of the fourth category was 
tissue destruction. Multiple crypt abscesses, mucosal 
erosions, and ulcers were present in addition to find- 
ings in the third category. Granulomatous inflamma- 
tion characterized by prominent epithelioid macro- 
phages, and granulomas characterized by aggregates of 
such cells and by multinucleated giant cells were 
present in some, but not all, specimens in the last 
three categories (Fig. 1). 

The 103 resections were placed into one of four 
groups based on the category of the most actively 
involved margin. Group A consisted of 52 patients, all 
of whom were judged to have both proximal and distal 
margins free of histologic evidence of Crohn’s disease 
(Category 1). Group B consisted of ten patients with 
histologic evidence of chronic inflammation (Category 
2) in one or both margins. Twenty-four patients with 
histologic evidence of both acute and chronic in- 
flammation (Category 3) in at least one of the margins 
comprised Group C. Group D contained 17 patients 
with evidence of tissue destruction (Category 4) in 
one or both margins. Five of the patients in Group B, 
two patients in Group C, and three patients in Group D 
demonstrated granulomas in the margin specimens. In 
addition, either the surgeon and/or the surgical pa- 


inflammatory cells. (B) Margin classified as Category 3. In addition 


to chronic inflammation, polymorphonuclear leukocytes (arrows) in- 
filtrate the epithelium and lamina propria. (C) Margin classified as 
Category 4. An aphthous ulcer (arrow) is present overlying a lymph- 
oid nodule. 
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TABLE 1. Summary of Study Groups . 
—— —————————————À————————— MS 
Duration Related 
No. of Age of Symptoms Prior Prior 
Group* Patients (yrs) Male Female White Black (yrs + 1 SD) Operations Resections 
j——————————————————eÉEI MEM CMM 
A 52 31 30 22 48 4 6,2 + 6.2 20 10 
B 10 35 5 5 10 0 8.6 + 6.5 3 2 
A 24 32 12 12 22 2 8.3 + 6.9 8 6 
D 17 33 9 8 15 2 9.3 + 8.6 8 5 
B, C, D 51 33 26 25 47 4 8.6 + 7.3 19 13 
All Cases 103 32 56 57 95 8 AET S. 39 23 





* None of the differences between the various groups are statistically significant in any category. 


thologist felt there was gross disease left at the margin 
of resection in eight patients in Groups B, C, and D. 

When these four groups were compared by chi 
square analysis to each other, and to the 103 resections 
as a whole, there were no significant differences in 
age, sex, race, disease duration, prior operations 
or resections, type of resection, length of resection, 
or length of follow-up following resection (Tables 1 
and 2). For analysis the 51 patients of Groups B, C, 
and D were combined into one large group. This com- 
bined group, representing those cases with involved 
margins, was also similar to Group A containing 
cases with uninvolved margins, and to the series of 103 
resections as a whole. 


Clinical Course 
Postoperative Complications 


There were no operative deaths within 30 days of 
surgery among these 97 patients undergoing 103 re- 
sections and reanastomoses for Crohn's disease. Mor- 
bidity related to the suture line included suture line 
leakage or disruption with the development of an 
abscess or enterocutaneous fistula, and/or obstruction 
at the anastomosis. The overall incidence in the series 
was 6% (6/103). Suture line complications occurred 
in 6% (3/52) of Group A, 0 of Group B, 8% (2/24) of 
Group C, 6% (1/17) of Group D, and in 6% (3/51) of 
the combined Group B, C, D (Table 3). 


Clinical Recurrence 


A clinical recurrence was defined as the need to re- 
sume or increase specific anti-inflammatory medication 
to control symptoms. Those patients requiring only 
antidiarrhea or antispasmotic medication were not 
considered to have recurred clinically. During the mean 
follow-up period (5.4 + 4.2 years), clinical recurrences 
developed in 5596 (57/103) of all patients in this study. 
The incidence of clinical recurrence was 5096 (26/52) 
in Group A, 60% (6/10) in Group B, 50% (12/24) in 
Group C, 76% (13/17) in Group D, and 61% (31/51) 
in the combined Group B, C, D. These differences 
were not statistically significant. 


Suture Line Recurrence 


Suture line recurrence was determined on the basis 
of radiographic or reoperative findings. The overall 
incidence of suture line recurrence in the series was 
38% (39/103). The incidence of suture line recurrence 
was 35% (18/52) in Group A, 30% (3/10) in Group B, 
33% (8/24) in Group C, 59% (10/17) in Group D, and 
41% (21/51) for the combined Group B, C, D. None 
of these differences were statistically significant. The 
mean time to documented suture line recurrence was 
3.6 + 3.9 years for the series as a whole. The time 
interval in Group A was 3.8 + 4.3 years, in Group B 
5.1 + 5.9 years, in Group C 2.0 + 1.6 years, in Group 
D 4.0 + 3.9 years, and in the combined Group B, C, 


TABLE 2. Characterization of Resections for Study Groups 








Type of Resection Length* Follow-up 

No. of of Resection after Resection 

Group* Patients Small Bowel Ileocolic Colon (cm + I SD) (yrs + 1 SD) 
A 52 4 47 l 62 + 29 5.7 € 43 
B 10 3 6 l 53 4 35 5.9 € 4.5 
C 24 5 19 0 51 * 30 4.7 + 4.0 
D 17 2 13 2 49 + 26 5.2240 
BGD 51 10 38 3 51: 3) 5.1 249 
All Cases 103 14 85 4 56 + 35 5.4+ 4.2 





* None of the differences between the various groups are sta- 


t Determined from the pathologist's report and incluges both 
tistically significant in any category. 


small bowel and colon. 
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e TABLE 3. Clinical Follow-up in Various Study Groups Following Resections 


l : , 9 (17%) 46+ S. 


No. of Suture Line Clinical 
Group* Patients Complications Recurrence 

A 52 3 (6%) 26 (50%) 

B 10 0 6 (60%) 

C 24 2 (8%) 12 (50%) 

D 17 1 (6%) 13 (76%) 
BC. D 51 3 (6%) 31 (61%) 
All Cases 103 6 (6%) 57 (5596) 


Time to 
Suture Line Time to 
Suture Line Recurrence Reoperation 
Recurrence (yrs + 1 SD) Reoperation (yrs + 1 SD) 
18 (35%) 3.62.43 + 5.6 
3 (30%) nA 3,9 3 (30%) 6.6 = 5,1 
8 (33%) 2.0 + 1.6 4 (17%) 4.4 + 3.0 
10 (59%) 4.0 + 3.9 5 (29%) 44+ 4.8 
21 (41%) 30 = 23 12 (2496) 5.0 + 4.0 
39 (38%) 3.6 + 3.9 21 (20%) 4.4 + 4.0 


* None of the differences between the various groups are statistically significant in any category. 


D 3.5+3.5 years. These differences were not sig- 
nificantly different statistically. 


Reoperation for Suture Line Recurrence 


The need for reoperation for disease recurring at 
the suture line was documented. The overall incidence 
in the series was 20% (21/103). The incidence in Group 
A was 17% (9/52), in Group B 30% (3/10), in Group C 
17% (4/24), in Group D 29% (5/17), and in the com- 
bined Group B, C, D 24% (12/51). These incidences, 
as well as the time intervals between resection and 
the need for reoperation (Table 3) were not significantly 
different statistically. 

When suture line recurrence and need for reopera- 
tion were plotted by the life table method, there were 
no significant differences between any of the groups 
at any .time interval."!! Figures 2 and 3 demonstrate 


Cumulative Suture 
Line Recurrence 


Rate (%) 
100 o group A Normal Margins 
90 o group B,C,D Involved Margins 


80 
70 
60 
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Š Years 


Fic. 2. Cumulative suture line recurrence rates after surgical ex- 
cision for Crohn's disease. Group A represents 51 cases, and Group 
B.C,D represents 52 cases. Recurrences/cases at risk for the yearly 
intervals (1—10) for Group A: 3/48, 6/44, 4/28, 2/25, 0/23, 3/20, 4/15, 
2/13, 4/8, ]/6: for group B,C,D,: 5/41, 2/34, 4/28, 3/24, 5/16, 0/14, 
2/12, 3/8, 1/6, 1/5. 


these data for Group A with normal margins as com- 
pared to the combined Group B, C, D with varying 
degrees of inflammation or tissue destruction at the 
margins. The clinical recurrence rate, incidence of 
suture line recurrence, and need for reoperation 
for the ten patients with granulomas at the resection 
margin, and for the eight patients with gross disease 
at the margins. are listed in Tables 4 and 5. There 
were no statistically significant differences between 


the two subgroups and the other four groups (A, 


B. G D 


Discussion 


Almost all patients with Crohn's disease require 
surgery and many require multiple operative pro- 
cedures.*:'? The usual indications for surgery include 
the failure to control symptoms with medical therapy, 


Cumulative 
Reoperation 
Rate (%) 
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Fic. 3. Cumulative reoperation rates after surgical excision for 
Crohn's disease. Reoperation/cases at risk for the yearly intervals 
(1-10) for Group A: 3/46, 8/33, 4/31, 3/27, 1/25, 5/20, 4/16, 2/14, 6/8, 
1/6; for Group B,C,D,: 5/44, 2/41, 7/34, 3/31, 7/22, 1/19, 2/16, 6/9, 
1/8, 2/6. 
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complete or more commonly partial intestinal ob- 
struction, intestinal or perineal fistulas and abscesses, 
and bleeding.? Intestinal resection has proven to be as 
safe as intestinal bypass or exclusion, is more likely 
to relieve symptoms, and many feel carries a lower 
rate of reoperation. In addition, continuity is rarely 
established following bypass or exclusion, and re- 
cently carcinomas have been documented in ex- 
cluded segments.'97:9:3 For these reasons resection 
has become the preferred operative procedure for 
Crohn's disease. The surgeon when resecting bowel 
from a patient with Crohn's disease must balance 
the consequences of removing normal intestine in his 
desire to rid the patient of all involved bowel, against 
the consequences of leaving diseased bowel behind 
at the anastomosis. Most data accumulated in recent 
years suggest that clinical recurrence and the need for 
reoperation are extremely high following resection for 
Crohn's disease.®®14 Should one thus assume that re- 
currence is inevitable and conserve all normal intestine, 
or assume that failure to remove all of the diseased 
bowel will result in anastomotic problems in the post- 
operative period and eventually lead to earlier and more 
frequent recurrences? Recent studies documenting 
the high recurrence rates following surgery have con- 
tained no information as to the microscopic disease 
status of the resection margins and thus are difficult 
to evaluate. One might argue that if the resection 
margins had all been checked by frozen section, and 
the anastomoses performed in disease-free bowel, the 
results could have been markedly different. 

There is very little information on the presence or 
absence of microscopic disease at the margin of re- 
section in patients with Crohn's disease. Bergman and 
Krause in 1977 presented their long-term follow-up 
(mean: 10.5 years) on a series of 141 patients under- 
going an intestinal resection and reanastomosis for 
Crohn's disease, which suggested that a wide resec- 
tion of normal bowel would prevent or delay recur- 
rence.” Eighty-four patients underwent a ‘‘radical’’ 
resection which included at least a 10 cm margin of 


TABLE 4. Clinical Follow-up for Patients with Granulomas 
in Margin of Resection 


Suture 
Patients with Clinical Line 
No. of Granulomas Recur- Recur- Reop- 
Group* Patients at Margin rence rence eration 
B 10 5 3 0 0 
C 24 2 l l 0 
D 7 E XE E 
10 7 3 l 


* None of the differences between the various groups are sta- 
* tistically significant in any category. 
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TABLE 5. Clinical Follow-up for Patients with Gross Macroscopic 
Disease at Margin of Resection 








Suture 
Patients with Clinical Line 
No. of | Gross Disease  Recur-  Recur-  Reop- 
Group* Patients at Margint rence rence eration 
B 10 l l 0 0 
C 24 3 2 l 0 
D 7 4 å 5 2 
8 6 4 2 





* None of the differences between the various groups are sta- 
tistically significant in any category. 

t Taken retrospectively from the original operative and surgical 
pathology descriptions. 


microscopically and macroscopically free bowel on 
both sides of the gross disease. The remaining 57 pa- 
tients undergoing resection had less than a 10 cm nor- 
mal margin on either side of the diseased bowel. The 
recurrence rate among the 84 *'radically" resected pa- 
tients was 29% (24/84 patients), and 14% (12/84 pa- 
tients) required further surgery. Among the 57 patients 
treated with a **nonradical'' resection, there was a re- 
currence rate of 84% (48/57 patients), and a reopera- 
tion rate of 65% (37/57 patients). In an earlier study 
published in 1971 Burman, Cooke, and Alexander- 
Williams after evaluating the influence of macroscopic 
disease left behind at an ileorectal anastomosis carried 
out for Crohn's disease, also concluded that residual 
disease at an anastomotic margin adversely affected 
the recurrence rate.? Among nine patients undergoing 
an ileorectal anastomosis with disease still remaining 
in the rectum, 33% (3/9) leaked and long-term success 
was achieved in only 22% (2/9). Among 16 patients 
undergoing an ileorectal anastomosis with a disease 
free rectum, 31% leaked (5/16) but long-term success 
was achieved in 50%. Other than these studies, there 
are very little additional data from which one can 
evaluate the influence of either microscopic or macro- 
scopic disease left behind at an anastomosis. 

In the present retrospective study, an attempt was 
made to evaluate the effects of leaving microscopic 
disease at the suture line following a resection for 
Crohn's disease. The patients were grouped depending 
on the status of the worst oftheir two margins. In Group 
A there was no histologic evidence of Crohn's disease 
in either margin. In Groups B, C, and D there was 
progressively more severe histologic evidence of 
Crohn's disease at one or both margins. In 10 patients 
from Groups B, C, and D granulomas were present . 
at the resected margins, and in eight patients the sur- 
geon and/or surgical pathologist at the time of resection 
felt margins contained gross evidence of macroscopic 
disease. In all parameters examined there were no 
statistically significant differences in the patiefit pop- 
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ulations making up these groups when compared to 
each other, to the series as a whole, or to the com- 
bined Group B, C, D, except for the disease status at 
the resection margins. The results of this study dem- 
onstrated that the incidence of postoperative anas- 
‘tomotic complications was low, and was independent 
of the status of the resection margins. The incidence 
of anastomotic complications in Group D, the patients 
with active inflammation and tissue destruction at the 
anastomosis, was 6%, which was identical to that in 
Group A, containing patients with uninvolved margins 
at the anastomosis. It appears that microscopic dis- 
ease left behind at an anastomosis does not adversely 
affect postoperative healing. Thus, this study does not 
support the practice of performing frozen sections to 
obtain microscopically normal margins to prevent heal- 
ing problems at the anastomosis in the immediate 
postoperative period. 

Clinical recurrence is often difficult to judge. Many 
patients continue to have significant diarrhea after 
surgery, but whether or not this represents a manifesta- 
tion of active Crohn's disease, is a result of losing 
the ileocecal valve, is secondary to decreased bile 
salt reabsorption, or is secondary to decreased ab- 
sorptive bowel surface is often difficult to evaluate. In 
determining clinical recurrence a need to resume or 
increase specific anti-inflammatory therapy, other 
than antidiarrhea drugs, was accepted as positive 
evidence. Because of the inexactness of determining 
the time of clinical recurrence, only the incidence 
over the entire follow-up following resection was 
determined. The incidence of clinical recurrence was 
not significantly different statistically in any of the 
groups. 

In contrast, suture line recurrence determined by 

barium studies or at the time of surgery, can be de- 
termined with a high degree of accuracy. The overall 
incidence of suture line recurrence did not differ sig- 
nificantly statistically between any of the groups, and 
the actuarial curves are similar. The incidence rates 
were almost identical for Groups A (35%), B (30%), 
and C (33%). It was somewhat higher for Group D 
(59%). Even though this difference was not statisti- 
cally significant, it does suggest the possibility that 
the most severe changes of Crohn's disease left behind 
at an anastomosis might adversely affect the incidence 
or time of anastomotic recurrence. Only further study 
will resolve this point. The need for reoperation for 
.recurrence of disease at the anastomosis can also be 
- determined with precise accuracy. As with the other 
criteria examined, even though there was variation, 
there were no statistically significant differences be- 
tween the groups. When plotted by actuarial means, 
the curves for suture line recurrence and the need for 
reoperation in patients with and without residual dis- 
ease at the resected margins are very similar. 
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In this study we have assumed that the histology 
present at the resection margins accurately reflects 
the histology at the anastomosis. With this as- 
sumption we have been unable to detect any 
adverse consequences of leaving histologic Crohn's 
disease behind at an anastomosis. This was true for 
both short-term anastomotic complications in the im- 
mediate postoperative period, and for long-term recur- 
rence rates. Why our results differ from those of Berg- 
man and Krause? is unclear. Their study was similar 
to ours, except that it compiled data from several dif- 
ferent hospitals, whereas all of our patients were from 
one institution. In addition, there has in the past been 
a great deal of variation among pathologists in the 
definition and grading of Crohn's disease. In the study 
of Bergman and Krause the histologic examination 
was presumably carried out by many pathologists dat- 
ing back many years, and was not reviewed for the 
purposes of their study. In the current report, all mar- 
gins were available and were carefully reviewed and 
graded by one gastrointestinal pathologist. These dif- 
ferences between the study of Bergman and Krause 
and the current study are major and could account for 
the different results. Most surgeons would not recom- 
mend leaving gross macroscopic disease behind at the 
anastomosis, although in this series that was done in 
eight instances with no apparent ill effects. Radical 
resections attempting to remove all diseased bowel 
with draining lymph nodes also are not generally 
recommended, because such mesenteric dissections 
would require the removal of large amounts of normal 
small bowel. The question, however, of how much 
grossly normal bowel adjacent to gross disease should 
be removed as adequate margin is unresolved. Our 
data suggest that microscopic disease left at the anas- 
tomosis is of no consequence, and that a short nor- 
mal gross margin should be adequate. To date there 
is no published evidence that long-term medical 
therapy will influence the recurrence rates after re- 
section. The treatment regimens following resection 
in the present study were so diverse and variable, 
that any possible influence on recurrence rates could 
not be evaluated. Prospective studies of treatment 
regimens with knowledge of the pathology at the 
margins would be important. In conclusion, based 
on the results of the present study, we recommend 
conservative resection to achieve grossly uninvolved 
margins rather than the sacrifice of normal bowel 
to achieve histologically normal margins. 
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DISCUSSION 


DR. ARTHUR H. AursES, JR. (New York, New York): For a 
number of years, many of us in the Department of Surgery at the 
Mount Sinai Medical Center have felt that Crohn's disease is a disease 
of the entire gastrointestinal tract, regardless of the apparent gross 
or histologic extent of the disease. As a consequence, for at least the 
past 15 years, we have taught our residents to be conservative in 
the extent of their resections. Most of us will resect no more than 
about 4 inches proximal and distal to gross disease. 

Because of our philosophy regarding the disease, we also do not 
hesitate to leave segments of asymptomatic Crohn's disease in situ 
at operation, if the segments are at a distance from the major area 
of disease. I do not send the margins of resection for frozen section. 
If the intestine at the line of resection has aphthous ulcers or gross 
ulceration, I will remove additional intestine. If it is only edematous 
or inflamed, I do not hesitate to use it for the anastomosis. 

In a recent review of 100 consecutive ileocecal or ileocolic 
resections done by the staff and the house staff for Crohn's disease, 
our incidence of anastomotic leak was 2%. 

Like others, however, we have been looking for ways to predict 
recurrence. Drs. Heimann and Shanzer of our department have 
been engaged in an extensive study of the immunologic factors in 
Crohn's disease, and with Dr. Panveliwalla and Dr. Pertsemlidis 
have been measuring immunoglobulin levels in the intestine itself; 
I would like to share some of these preliminary data with you. 

(slide) To date, 24 patients with Crohn's disease have been 
studied. We have used the resection margins of 27 instances of cancer 
of the colon as control tissue. The results are expressed in milligrams 
of immunoglobulin per gram of tissue dry weight. As can be seen, 
the IgG levels are the most striking, and the immunoglobulin con- 
tent of both diseased intestine and the histologically normal mar- 
gins of intestine affected by Crohn's disease is significantly higher 
than that of normal tissue from patients with cancer of the colon. 
All of the diseased Crohn's samples had IgG values above 20 
milligrams per milligram tissue dry weight in the diseased portion, 
and all of the controls had values below this level. 

Nine of the 24 patients with Crohn's disease had IgG levels in 
the nondiseased margin above 20 mg. These margins were at least 
10 cm away from grossly viable disease, and all were confirmed 
as histologically normal. Five of these nine patients were operated 
on for recurrent disease, as compared with two of those with values 
below 20 mg. 

The patient with the highest IgG level at the histologically 
normal margin was operated on for recurrent disease. She devel- 
oped a late anastomotic leak some three weeks postoperatively 
. and had an obvious, extensive radiographic and endoscopic re- 
currence within six weeks of operation. 

Obviously, these findings are of interest, and we are continuing 
this study. 
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DR. WILLIAM SiLEN (Boston, Massachusetts): The earliest and 
most minimal gross lesion of Crohn's disease is a small, superficial 
aphthous ulcer of the mucosa, not identifiable from the serosal side. 
As one proceeds proximally, these ulcers become farther and farther 
apart, with what appears to be grossly normal and, by conventional 
microscopy, what appears to be normal mucosa. 

Dr. Ann Dvorak of our Department of Pathology has identified 
what appears to be pathognomonic lesions of the intramural nerve 
plexuses by electron microscopy in these grossly normal areas, and 
in areas that appear normal by conventional microscopy, between 
these aphthous ulcers. I believe that these findings would help explain 
the lack of differences in recurrences noted by Dr. Cameron and 
his colleagues. 

In other words, the so-called negative margins are very often not 
negative. 

From a practical standpoint we therefore depend more on the gross 
appearance of the resected, opened ileum, attempting to look about 
five or six inches proximal to the last aphthous ulcer, since we have 
found rapid and fulminating recurrences occasionally in the region 
of the ulcers. 

So I believe that the gross mapping, combined with electron 
microscopy, may help us to better define this important question. 


PROFESSOR JOHN GOLIGHER (Leeds, England): I think this paper 
by John Cameron and his colleagues is immensely important, be- 
cause it provides us with information that we have hitherto lacked 
in regard to the extent of the surgery that should be practiced for 
Crohn's disease. 

Previously, surgeons have been divided, as it were, into three 
schools of thought on this issue. One school, is particularly strong 
in Sweden where it is lead by Wenckert and Krause, has endorsed a 
really radical operation, as if operating on a growth, with wide 
margins of clearance in the bowel and deep removal of mesentery. 
Another has favored a limited removal, barely clear of the naked-eye 
margins of the lesion. A third school to which I have belonged, has 
adopted a compromise position, believing that a small margin of 
perhaps, 5 or 7 cm of apparently normal bowel was desirable — and 
confirmed by looking at the inside of the bowel immediately after 
removal and before carrying out any anastomosis— was desirable to 
avoid having persistent disease at the site of anastomosis, which 
would seem, on the face of it, to favor recurrence or, perhaps, 
anastomotic complications. 

Unfortunately, there never have been any properly controlled trials 
to attempt to evaluate the efficacy of these three methods, but 
Urban Krause has done an interesting comparison of one group 
of patients treated in one hospital in Uppsala, where they favor the 
radical approach, with another group of patients treated in another 
hospital, where they are extremely conservative. On a five- to 17- 
year follow-up study there was a recurrence rate of more than 8092 
in the patients treated by the restricted operation, but only about 
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a 20% recurrence rate in those treated by the more radical procedure. 
Of course, the comparability Of these two series is open to question. 
Anyway, the findings of Dr. Cameron and his colleagues today 
seem to show that an extremely limited, indeed incomplete, re- 
moval is followed by no higher incidence of recurrence than a more 
radical operation, and, even more surprising, that there is no greater 
incidence of anastomotic complications, such as leaks. If this seems 
‘hard to believe, I can offer you some confirmation, not from my 
own practice, but from work done in Oxford, England, by a group 
led by Lee. They have carried out a study almost identical to 
Cameron's combining histologic and follow-up data, and their find- 
ings have been almost the same as in today's presentation—that 
it does not seem to make any difference whether there is per- 
sistent disease at the site of anastomosis or not. 

Certainly, on the basis of these two studies, I will now be rather 
more conservative than I have been in the past, but I may not go 
just quite as far as to deliberately aim at having recurrent disease 
in the suture lines. 

I wonder if Dr. Cameron would spell out for us more precisely 
just how much he removes with a piece of ileal Crohn's, that is, how 
much apparently normal bowel above and below the lesion and how 
much mesentery. 


DR. CLARENCE DENNis (Stony Brook, New York): My associates 
and | have been doing a study this past year at the University of 
Minnesota, concerning a group of patients on whom we reported 
before this association 32 years ago on transthoracic truncal 
vagotomy in the treatment of inflammatory bowel disease. We have 
been trying to follow all of these patients, and I think we have ac- 
counted for all but one of the 43 patients at the present time. The 
difficulty is that roentgenograms have been thrown away, and in 
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many instances we never had tissue. specimens, so we could not 
identify exactly which patient had Crohn's disease and which had 
idiopathic ulcerative colitis. 

However, we have 14 patients with proved Crohn's disease who 
did have truncal vagotomies. There were 15 with idiopathic ulcerative 
colitis, and 14 in which we could not get tissue specimens dr 
establish the diagnosis. Four of the 14 patients with proved Crohn's 
disease seen in 30 years needed resection or intervention after the 
vagotomy. No patient died of Crohn's disease or a complication of 
Crohn's disease. More than half of the patients lived to die of other 
causes, or up to the end-point of the study of 30+ years, and there 
have been no recurrences in that group. 

I thought that it should be worthwhile to draw this to your at- 
tention and to suggest that someone set up a prospective study. 


DR. JoHN L. CAMERON (Closing discussion): Much of our current 
information on Crohn's disease comes from Leeds General Infirmary 
and from Professor Goligher, and it is a particular honor to have him 
discuss the paper. and an added benefit to have him agree. 

In answer to one specific question, we ordinarily resect about 
two inches of normal intestine proximal and distal to the involved 
segment, so I suspect it is not much different than what most sur- 
geons operating on Crohn's disease have practiced over the past 
ten years. 

I think the results came out as they did because it is obvious that 
Crohn's is a systemic disease; it is certainly not surgically curable. 
Every patient will eventually have a recurrence if he or she lives 
long enough. Whether you take two or three inches or 10 or 15 inches 
of normal bowel margin has little effect on the natural history of 
the disease. 


Improved Results with Continent lleostomy 


ROGER R. DOZOIS, M.D., KEITH A. KELLY, M.D., ROBERT W. BEART, JR., M.D., OLIVER H. BEAHRS, M.D. 


The objective of this study was to determine if recent technical 
modifications have improved our results with continent ileos- 
tomy (Kock pouch). The modifications were that the valve 
of the pouch was made at least 5 cm in length and was anchored 
with specially placed, nonabsorbable sutures or staples. The 
pouch was drained continuously for the first four postoperative 
weeks, after which it was only gradually allowed to expand. 
Results from our first 149 patients were compared to those 
from our last 150 patients, in whom the modified approach 
was used. The age, sex, indications for operation and types of 
operation were similar in the early and late groups. No post- 
operative deaths occurred, and the incidence of continence 
at dismissal from hospital was near 100% in both groups. 
However, 15 pouches were excised in the early group as opposed 
to only five in the late group (p — 0.01). Moreover, the need 
for revision of the valve by one year was 43% in the early 
group but only 22% in the late group (p < 0.001). Long-term 
follow-up showed that complete continence was present in 60% 
of patients in the early group and 75% of patients in the later 
group (p < 0.05), although only about 5% of patients in either 
group wore an ileostomy bag. We concluded that recent 
technical changes have improved the results after continent 
ileostomy. 


N 1969, KOCK DESCRIBED a new type of ileostomy, 
I a continent ileostomy.® Kock’s ileostomy was made 
entirely of terminal ileum and consisted of a pouch 
or reservoir that held intestinal content and an ileal 
conduit which led from the pouch to a cutaneous 
stoma. Later, in 1973, a valve was also constructed 
between the pouch and the stoma to improve the con- 
tinence of the pouch.” The valve was made by intus- 
suscepting the terminal ileum in a retrograde fashion 
into the pouch for a distance of 3-4 cm. After re- 
covery, the patients emptied the pouch by passing a 
tube through the valve into the pouch via the stoma. 

We began constructing continent ileostomies at the 
Mayo Clinic in late 1971. Our early results were en- 
couraging,'? but several difficulties appeared. Incon- 
tinence of the pouch, difficult intubation, recurrent 
Crohn's disease, intra-abdominal infection and patient 
dissatisfaction necessitated excision of the pouch in 
about 10% of patients. Moreover, nearly 40% of pa- 
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tients developed spontaneous reduction of the intus- 
suscepted valve with subsequent difficulty in intubating 
the pouch and incontinence. Improvements were 
needed. 


Operative Plan 


In early 1977, we modified our operative technique 
in hope of improving our results. The distal ileum was 
scarified using the electrocautery prior to its intus- 
susception to increase adhesion formation and so 
decrease the possibility of reduction of the intus- 
susceptum. The serosa was stripped from the bowel 
and adjacent mesentery and excess fat removed. The 
ileum was intussuscepted a distance of at least 5 cm 
and anchored firmly in place with through-and-through 
nonabsorbable sutures or stainless steel staples. Ad- 
ditional nonabsorbable sutures were placed between 
the pouch and the serosal side of the efferent limb 
at the site of exit of the efferent limb from the pouch. 
The visceral peritoneum of the mesentery leading 
to the valve was also sewn to the side of the pouch 
at the site of invagination. The pouch was positioned 
in the right lower quadrant of the abdomen, so that 
the stoma would be located just superior to the pubic 
hairline. The pouch was sewn to the anterior abdominal 
wall beneath the stoma to prevent the pouch from 
slipping back into the abdomen during the postopera- 
tive period. The efferent limb leading from the pouch 
to the stoma was kept as short as possible to prevent 
kinks in the efferent limb and allow a straight, antero- 
posterior course for the catheter during intubation. 
The stoma was made flush with the skin. 

The postoperative management was also modified 
to include a four-week period of continuous gravity 
drainage of the pouch to allow for good healing prior 
to distention of the pouch by fecal content. The pouch ` 
was only gradually allowed to distend over the ensuing 
four-week period. In the early group the patients had 
their pouches extubated prior to dismissal from the 
hospital at about two weeks. 
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2 TABLE 1. Continent Ileostomy: Clinical Material 
BEENDEN NENNEN ad LA" n ll MEME 
Operation Donet 
Disease Requiring Operation* 
Total 
Ratio: Chronic Procto- Conversion Repair of 
Mean Males to Ulcerative Crohn's Familial colectomy of Brooke Pouch Made 
Patients Age Females Colitis Disease Polyposis and Pouch lleostomy elsewhere 
OO 
Early group 31.9 80/69 124 14 86 49 6 
Late groupt 32.1 70/80 139 6 80 49 17 


Seo ooo 


* In six patients, the exact nature of inflammatory bowel disease 
could not be determined. 
+ Twelve patients had construction of the pouch during operations 


Our hypothesis was that these changes in operative 
and postoperative management would improve our 
results. The aim of the present study was to determine 
the validity of this hypothesis, and to identify areas 
where further improvements were necessary. 


Clinical Material 


The patient population consisted of 299 patients 
in whom continent ileostomies were constructed in 
the six-year period between April, 1973 and April, 
1979. Seventeen patients had continent ileostomies 
made at the Mayo Clinic before April, 1973, but these 
were fashioned without a valve and are not included 
in the present study. Patients operated on after April, 
1979 were also excluded because we wanted to have 
a follow-up of at least one year on all patients in order 
to more adequately assess the results. 

The first 149 patients (early group) had a procedure 
similar to that originally described by Kock,’ and were 
operated on between April, 1973 and March, 1977. 
Only 46% of these patients had a valve 5 cm or greater 
in length. The second group of 150 patients (late group), 
in whom the newer techniques were used, were oper- 
ated on between April, 1977 and April, 1979. More 
than 90% of these patients had a valve 5 cm or greater 
in length. The mean age, sex distribution, disease 
requiring operation, and operations performed were 
similar in the two groups (Table 1). 


TABLE 2. Nonpouch-related Reoperations 





Number of Reoperations 


Indications Early Group Late Group* 
iS cc acm ils lcci tice gaggia 
Abdominal 

intestinal obstruction 11 9 

drainage of abscess 3 3 

wound complication 3 l 

other 3 0 
Perineal 

wound complication 15 9 


e 


* Valifes do not differ from early group, p > 0.05. 


different than those listed. 
t Values do not differ from early group, p > 0.05. 


Method of Evaluation 


The patients were either interviewed personally or 
contacted by telephone or by a mailed questionnaire 
between September, 1979 and April, 1980. Among the 
first 149 patients, all but 29 responded. Those patients 
who responded had a follow-up period of 3.9 to 7 years. 
Among the last 150 patients, all but 16 patients re- 
sponded. The follow-up period for this group was 1 
to 3.3 years. 

An assessment was made of the operative mortality, 
the mean postoperative stay, the incidence and type of 
nonpouch related operations, the need for excision, 
the number and types of revisions of the ileostomy 
needed, the time between the initial operation and the 
first revision, the incidence of other complications or 
side effects, the final degree of continence achieved, 
and whether the patients preferred the continent 
ileostomy to a Brooke ileostomy. The data from the 
early group and the late group were compared. 


Results 
Mortality, Hospital Stay 


No operative or immediate postoperative deaths 
occurred in either group. In addition, no pouch-related 
deaths have occurred over the long-term, although five 
patients in the early group died of causes not related 
to the pouch. The mean hospital stay was 17.5 days 
in the early group and 15.6 days in the late group. 


TABLE 3. Continent Ileostomies Excised 


a 


Number of Pouches Excised 





Indication Early Group Late Group 
ee ere eee eee ae 
Dysfunction? 6 l 
Crohn's colitis 5 0 
Infection 3 2 
Dissatisfaction UR 2 
Total 15 aT 


e —— ——— —————7 


* Differs from early group, p < 0.01. 
+ Incontinence, difficult intubation. 
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TABLE 4. Continent Ileostomy: Incidence of Revision at One Year 





Number of Patients Revised* 


Operation Early Group Late Group 
Revision of valve = 2 
Creation of new valve 11 (4370) 5 (22%) 
Revision of stoma 10 207 
Revision of reservoir 5 4 
Other 4 5 


* Some patients had more than one type of operation at time of re- 
vision. Numbers in parentheses are per cent of total patients revised. 
+ Values differ from early group, p < 0.01. 


Nonpouch-related Reoperations 


The number of nonpouch-related abdominal and 
perineal reoperations required was similar in the late 
group and the early group (Table 2). 


Excisions 


Fewer pouches were excised in the later group 
(five pouches) than in the earlier group (15 pouches) 
(Table 3). Pouch dysfunction and intra-abdominal 
infection were major indications for pouch excision 
in both groups, whereas recurrent Crohn’s disease 
was an indication only in the early group. 


Revisions 


Fewer patients required revision of the value in the first 
year after operation in the later group than in the early 
group (Table 4). Moreover, the probability of requiring 
a revision was also less in the later group at two years 
after operation (Fig. 1). However, the indications for 
revision were similar in the two groups. Moreover, 
the interval between the construction of the pouch 


1.0 
0.8 
Probability 
of no 0.6 
Fic. 1. The probability valve 
ünentüeosomy, ^" revision 0.4 
by time t 
0.2 
0.0. 
0 
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and the first revision did not differ in the two groups. 
Indeed, when revision was required, it was done within 
the first postoperative year in most patients in both 
groups (Fig. 2). In the early group, 44 additional re- 
visions were performed after the first revision, whereas 
in the later group only 17 additional revisions were 
done (p < 0.0001). More than three revisions were 
required in only one patient in the late group as opposed 
to 12 patients in the early group. The number of re- 
visions per revised patient followed for two years was 
greater in the earlier group (mean: 2.2 revisions) than 
in the later group (mean: 1.5 revisions). More patients 
required revisions of the stoma in the late group than 
in the early group (Table 4). 


Other Complications or Side Effects 


Fewer than 12% of patients required medical treat- 
ment for a pouch-related condition after discharge 
from the hospital. The most common difficulty was 
diarrhea, which required medical treatment in 7.5% 
of patients. However, the incidence of such diarrhea 
was similar in the early (8.3%) and the late (6.8%) 
groups. Other conditions requiring medical treatment 
included partial small bowel obstruction, bleeding from 
the pouch, difficulties intubating the pouch, nephro- 
lithiasis and anemia. 


Continence Achieved 


Complete continence of the pouch for gas and feces 
at discharge from the hospital was observed in 9596 
of patients in the early group and in 10042 in the late 
group. The degree of continence present at the time 
of follow-up was greater in the later group than in the 
earlier group (Table 5). Although about one-third of 


Late (nz 127) 


Early (n2135) 


1 2 3 
t = years from surgery . 
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Fic. 2. Interval between 
construction of continent 
ileostomy and first revision 
of ileostomy. 
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the patients in the early group and about one-fourth 
of the patients in the late group noted some fecal in- 
continence or involuntary loss of gas from the stoma 
at follow-up, the amount of leakage was minimal. 
Seven per cent or less of patients in either group re- 
quired the wearing of an ileostomy appliance. 


Current Status 


More than 90% of the patients in both groups de- 
scribed their current general health as good and were 
working at their usual jobs. Moreover, the patients 
in both groups overwhelmingly endorsed the continent 
ileostomy, in that 95% of them responded that they 
preferred the continent ileostomy to a Brooke ileos- 
tomy. 


Discussion 


Our study shows that recent changes in the con- 
struction of the continent ileostomy decreased the need 
for excision of the pouch in the postoperative period, 
reduced the number of revisions required, and in- 
creased the degree of long-term continence achieved. 
The overall results are encouraging, in that almost all 


patients need not wear a bag and enthusiastically prefer 
the pouch to a Brooke ileostomy. 

The need for excision of the pouch has been re- 
duced from 10 to 3%, mostly by minimizing its use in 
patients with Crohn's colitis and by advising revision 
rather than excision when incontinence or difficulty 
intubating appear. The need for revision has been 
reduced by making a longer and more firmly anchored 
nipple-valve. However, the incidence of revision in the 
more recently operated patients remains at about 20% 
over the first year. The current valve is still not perfect. 
Moreover, efforts to improve the valve by more ex- 
tensive fixation may be responsible for the higher inci- 
dence of stomal complications noted in the late group. 
More aggressive fixation of the valve may have resulted 
in compromise of the circulation of the stomia in some 
patients, leading to stomal ischemia and stenosis and 
eventual stomal revision. 

Most patients have readily undergone revision of 
their pouch and valve rather than excision of the 
pouch. The revisions have resulted in no mortality 
and have nearly always restored continence and satis- 
factory function. Nonetheless, in some patients re- 
quiring repeated revisions, an indwelling prosthetic 


TABLE 5. Continent Ileostomy: Continence Achieved 





Per Cent of Pouches Incontinent 





Per Cent of Patients Who 





Gas Feces Wear Ileostomy Bag 
* Patients Never Sometimes Always Never Sometimes Always Never Sometimes Always 
Early group 59 34 7 62 33 5 93 3 4 
Late group 75 22 4 72 24 2 95 Z 3 
Chi square p < 0.03 p < 0.05 NS 


e. 
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device has been used as an alternative to further re- 
vision.? The device restores continence by balloon 
occlusion of the outflow tract of the pouch, thus avoid- 
ing reoperation. 

The diarrhea requiring medical treatment noted in 
7.5% of our patients is of concern. In a prior study, 
we found that 30% of 42 patients examined had diar- 
rhea, in that they had ileostomy outputs greater than 
one liter per day.* Many of these patients, however, 
were totally asymptomatic. We believe the diarrhea 
results from stasis of fecal content which leads, in 
turn, to anaerobic bacterial proliferation in the pouch 
and in the bowel proximal to it.*^* Administration of 
oral antibiotics effective against anaerobic bacteria 
has resulted in subsidence of the diarrhea in all sympto- 
matic patients treated to date, but several courses of 
treatment for recurrent diarrhea have sometimes 
been required. 
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DISCUSSION 


DR. Eric W. FONKALSRUD (Los Angeles, California): The excellent 
results during the last two years of the authors’ experience indicate 
that the internal reservoir should be made available to most patients 
with ulcerative colitis who do not wish to continue using their con- 
ventional Brooke ileostomies. 

Nonetheless, the 20 per cent rate of reoperation by the author's 
experienced staff, combined with some of the problems in manage- 
ment of the continent ileostomy, suggest that some other approaches 
for the management of patients with ulcerative colitis should be 
explored. 

During the past several years, my associates and I have evaluated 
a few different operative techniques to obviate the need for a perma- 
nent cutaneous ileostomy or for frequent catheter manipulation. 
(slide) Based on the excellent results of endorectal mucosal stripping 
and colon pull-through for children with Hirschsprung's disease, 
the so-called Swabbe Boley procedure, we performed a similar 
rectal musocal stripping with ileal pull-through on 15 dogs and two 
patients. Although the rectal muscle and anal sphincter were 
preserved, the patients and dogs experienced persistent diarrhea 
similar to that coming from a Brooke ileostomy, despite modifica- 
tion of diet and the use of various medications. Both patients" Brooke 
ileostomies were converted back to conventional ileostomies. 

Dr. Martin's report to this Association three years ago, however, 
using the same technique, was somewhat more optimistic, and | 
understand that the group at the Mayo Clinic has also had somewhat 
better experience recently, using a similar approach. 

Following the good experience with internal reservoirs by Dr. 
Beahrs and his associates, we adopted a similar, but S-shaped, 
internal reservoir, placing it above the ileorectal pull-through, and 
found that dogs and patients have a two- to threefold decrease in 
the number of bowel movements, and that the contents can be made 
more solid than if the reservoir is not used. 

We found that a temporary diverting ileostomy for three to four 
months reduces the rate of complications and that a cutaneous 
tube placed into the reservoir permits daily irrigation to lower the 
bacterial count and the incidence of pouchitis, or pouch infection. 

One patient has had such a reservoir for two and a half years, and 
two others have had good function for slightly less than a year. 

(slide) We prefer using a somewhat simpler side-to-side ileal 
anastomosis, as shown here, when the cutaneous ileostomy is taken 
down, approximately four months after colectomy and ileal pull- 


through. Three patients have progressed quite well after this type of 
reconstruction. 

(slide) We have observed that the ileal pull-through without 
reservoir does not dilate readily or store contents, as shown in this 
characteristic dog from our experiments three months after the pull- 
through procedure. 

(slide) In contrast, dogs with a side-to-side reservoir have 
experienced considerable dilation within two and a half months post- 
operatively, as is shown on this slide, and are able to store fecal 
contents under moderate pressure. 

Dr. Dozois, have you observed any dilation in the ileum proximal 
to the Kock reservoir? Do you defer constructing the ileal reservoir 
in patients who are receiving high-dose steroids? 


PROFESSOR JOHN GOLIGHER (Leeds, England): Right from its 
inception, I have been an enthusiastic but critical advocate of this 
operation, which I have now used just over 70 times. One thing can 
be said for sure about the reservoir ileostomy when it works well, 
the result is exciting in the extreme for both the patient and the 
surgeon, particularly for a patient who may have had a lot of trouble 
with leakage and sore skin and other complications after a con- 
ventional ileostomy. You must remember that with present-day 
standards of stomal care, only a few patients experience such 
difficulties after an ordinary ileostomy; most make a good adapta- 
tion, both physically and psychologically, to their stomas. It must 
not be forgotten that many reservoir operations are followed by 
endless complications and the need for reoperations, sometimes 
three and four operations on the same patient, as I have done many 
times. However, I would emphasize that when a patient with a 
reservoir ileostomy is faced with a reoperation, her chief concern 
is that, almost come what may, she wants the reservoir retained. 

Of course, the usual indication for reoperation in these patients 
is extrusion of the valve. This is the real Achilles’ heel of this pro- 
cedure. The outstanding problem for surgeons in this context is to 
develop a technique that can be relied on absolutely to keep the 
valve in place. Various methods have been suggested for this pur- 
pose, and, in turn have been hailed as the answer, but in due course 
have been found not to be so. I certainly hope that the encouraging 
results reported by Dr. Dozois with the currently fashionable 
method of stapling with three or four applications of the SGIA 
stapler are maintained, for it is certainly a simple method to use. 
I have known patients to extrude their valves after this method 
alone, and I am sure that one must also do something to prevent 
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the mesentery to the piece,of bowel from causing the valve to be 
extruded. A popular method of attempting to do so is that devised 
by the young Australian surgeon, Bokey, working first with Kock 
and then with Fazio at the Cleveland Clinic. In it small slits are 
made in the appropriate part of the mesentery close to the bowel; 
through them is threaded a strip of either anterior or posterior 
rectal sheath taken from the main laparotomy wound or a longitudinal 
piece of Marlex mesh. When the bowel is pulled into the reservoir 
and stapled with three or four applications of the SGIA stapler— 16 
rows of staples in all—the fascial sling is pulled taut and wrapped 
around the bowel at the point where the ileum emerges from the 
reservoir. It is then sutured in place by Lembert stitches of silk 
and buried at the same time. These sutures are kept long and are 
convenient for fixing the reservoir firmly to the anterior abdominal 
wall at the end of the operation. 

This is the method I now use and which I believe Kock himself 
uses. We are hoping for great things from it, but time alone will 
tell. Another maneuver that may be helpful in enabling the valve to 
stabilize itself is that strongly recommended by Hultein of Gothenburg 
of establishing a loop ileostomy immediately proximal to the reservoir 
for 2 months. 

Has Dr. Dozois had any experience with the use of a pelvic ileal 
reservoir above an ileoanal anastomosis? I make the point that this 
is a reservoir without a valve, for virtually all the complications of 
use of the ordinary reservoir ileostomy relate to the valve. This 
combination of a pelvic reservoir and the old Ravitch pull-through 
operation has been used by Fonkalsrud and by Parks and some of us 
in Britain to try to get these patients back to a satisfactory functional 
state with less diarrhea more quickly than is usually possible with a 
pure Ravitch procedure. 


DR. IRWIN GELERNT (New York, New York): We have contended 
since our early experience with the Kock reservoir, since the fall of 
1972, that the results, like the last ones presented, could be achieved. 
We often faced hostile criticism by many of our colleagues, who 
would constantly refer to the earlier results which had been pre- 
sented in the literature. 

(slide) These are our results with our first 54 patients, who were 
operated on starting in the fall of 1972. This slide was presented, and 
prepared after one year of follow-up study, in which 51 of the 54 
patients were continent. 

(slide) This is now when our series reached 100 patients after 
their first operation. Ninety-two patients were completely continent. 

(slide) As our series increased, our results got slightly better. 
We now had a 94% completely continent rate after a single opera- 
tion, with a minimum of one year of follow-up study. 

At the beginning of our experience, we had focused on the prob- 
lems of the nipple valve slippage, and we modified Kock's procedure 
in several ways. Great attention was spent on achieving serosal 
damage. Cautery was used, as were an orthopedic rasp and a 
sclerosing solution, in an effort to get firm serosal bonding. The 
mesenteric aspect of the nipple valve, the obvious weak point in the 
procedure, was fixed by several separate suture materials before 
the intussusception was taking place. There was a prolonged period 
of reservoir intubation, and a slow progression of intervals between 
intubation. 

Great attention was paid to patient selection, and a great effort was 
made in achieving patient compliance. In seeing patients who had 
been operated on in other institutions, we were always impressed 
that patients were sent home and allowed to intubate at will. This 
history was obtainable in most of the patients who had become 
incontinent. 

With all of these factors, and performing the nipple valve quite 
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carefully, | am sure that one can achieve an incontinence rate of 
less than 10%. 


Dr. OLIVER H. BEAHRS (Closing discussion): In following 344 
patients with conventional ileostomies for five years or longer, I 
have found that 90-95% of the patients were well, had gained weight 
and had returned to usual occupational and vocational activities. 
However, 9% of patients who had had ulcerative colitis had to have a 
revision of their conventional ileostomy during this period. Those 
patients with Crohn's disease had a revision rate of 20%. The 
Brooke ileostomy is not without complications. 

At the present time, probably all suggested technical details are 
being used in construction of the nipple valve including the technique 
described by Professor Goligher, although not in all patients. 
Nevertheless, in dealing with a large number of patients, there 
probably will be an irreducible failure rate of about 10%. 

The problems, when they occur, with the continent ileostomy 
are major, unfortunately, because ifthe patient has difficulty inserting 
the tube for evacuation, a medical or surgical emergency is created. 
If incontinence develops, a reoperation and re-exploration of the 
abdomen are indicated if continence is to be restored. 

Although the conventional ileostomy is preferred by 95% of the 
patients, unless further technical improvements occur to reduce 
further the major problems associated with the pouch, another 
alternative to the conventional ileostomy must be sought. 

In reference to the excellent results reported by Dr. Gelernt— 
and I respect these results as reported as being valuable in the 
discussion of this issue —1 must add that there are other factors un- 
covered in the course of our review that contribute to morbidity 
other than just slippage of the valve itself. One is the sex of the 
patient. Female patients needed fewer revisions than male patients. 
The age of the patient was important. For patients 10— 19 years of age, 
the revision rate was 8%, while for patients older than 50 years the 
revision rate was 50%. 

Likewise, if the pouch was created at the time of proctocolectomy, 
revision was required less often than if the pouch was created at 
the time of conversion to a pouch from a conventional ileostomy. 

In selected instances, certainly we need to consider other al- 
ternatives, and, very likely, the ileoanal anastomosis with or without 
a reservoir as reported by Dr. Fonkalsrud may be one of these 
alternatives. We have not had experience with this procedure or 
with placing a pouch in the pelvis with an anal ileostomy. 

Just because the patient has been receiving steroids has not pre- 
vented our proceeding with surgical management of a patient, unless 
the patient is extremely ill. 

Another alternative that might be considered is the use of the 
magnetic ring to create continence. However, based on reports of 
its use in colostomies, the morbidity associated with an implanted 
device in about 50%. 

(slide) Based on preliminary laboratory experimentation and limited 
clinical experience, it appears that an indwelling ileostomy closing 
device, or valve. will be a viable alternative to maintain continence 
in selected patients with complications. 

(slide) In this instance, the patient can manage the device him or 
herself. Based on limited experience, it has not been associated 
with complications and certainly will simplify the technique. At the 
moment our clinical experience in using this device is limited to patients 
with pouches with nipple problems. In the laboratory, however, pre- 
liminary data indicate not only might it be used with a pouch, but 
it might be available and usable with a conventional ileostomy to 
prevent the outflow of ileal contents. Should this device to control 
ileostomy outflow prove to be effective, the total problem in patients 
requiring proctocolectomy and ileostomy of one type or another 
will be greatly simplified. 
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In serious intra-abdominal and 
pelvic infections... 


The clinical importance 
and virulence of 
Bacteroides fragilis 





Clinical importance 
of B. fragilis 


Bacteroides fragilis is a major anaerobic 
pathogen in abdominal and pelvic infec- 
tions. Both aerobes and anaerobes are 
involved in the majority of serious intra- 
abdominal and female pelvic infections. 
Therefore, early antimicrobial therapy 
against both pathogens should be considered. 
Two EUIS have confirmed the value of 
including Cleocin Phosphate" (clindamycin 
phosphate injection, NF) as part of the therapy 
for serious intra-abdominal and pelvic infection. 


Penetrating abdominal wounds 
In a prospective, randomized study at Cook County 
Hospital, Chicago, 100 patients who had penetrating 
abdominal wounds, with spillage of bowel contents, 





were given kanamycin (0.5 gram q12h) and either 200 women who developed endomyometritis follow- 
clindamycin (600 mg q6h) or cephalothin (3 grams Ing cesarean section, the clinical response was more 
qoh).' The clindamyein/kanamycin-treated group favorable in those receiving clindamycin (600 mg 


showed significantly fewer episodes of septicemia or q6h) and gentamicin (60-80 mg q8h) than in those 
intra-abdominal sepsis. The higher complication rate receiving penicillin (5 million units q6h) and gen- 
in the cephalothin/kanamycin group was the result of. tamicin (60-80 mg q8h) (see Table 2) 

infections due to anaerobic bacteria alone or a mix- 


E Table 2 Penicillin / Clindamycin / 
ture of aerobes and anaerobes (see Table 1). apie, et a 
Table 1 Cephalothin / Clindamycin / Number of patients 100 100 
Kanamycin Kanamycin No response—third 
————— aa RC SDN ONE antibiotic required 29 5 
Number of patients 52 48 Serious complications * 4 0 
Mean duration of hospital stay (days) 8.7 7.4 
Septic complications Mean febrile degree hours 110 81 
gei | : e Mean febrile degree hours in 
. .fireabdominalabscese — 7T J^ ^ 43 - eight patients who ceveloped 256.4 73.4 
Total complications 14 5 Bacteroides bacteremia (n ^ 6) (n= 2) 
*] patient with pelvic abscess, 1 with wound Adapted from Ledger et al.? 


evisceration, and 2 with septic thrombophlebitis. 
Postcesarean endomyometritis | 
In a prospective, randomized study at the Univer- 
sity of Southern California Medical Center among 


The foregoing studies suggest that early treat- 
ment with Cleocin Phosphate 1n combination with . 
an aminoglycoside is effective therapy in these seri- 
ous infections and can prevent progression to more 
e complicated and disseminated infection. 
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Virulence of B. fragilis 


As clinical studies have shown, antibiotics active 
against B. fragilis must be instituted early in the 
course of therapy for serious pelvic and abdominal 
infection to prevent complications due to this 


* organism. 


Research is currently being conducted to 
better define the virulence of B. fragilis. 


Specific antigenic marker 

Investigators at the Harvard Medical School have 
identified a capsular polysaccharide on the outer 
membrane of B. fragilis. In an experimental model, 
an antibody response to this antigen was associated 
with B. fragilis infection. The clinical significance 
of this intib 


ody-antigen relationship is unknown. 


Electron micrograph of 
B. fragilis stained by 
standard techniques 

( X 120,000). 

A capsular poly- 
saccharide has 

been identified on 

the outer membrane 
(arrow). 





A subsequent clinical study has shown that in the 
acute phase of pelvic inflammatory disease, women 
from whom B. fragilis was cultured after culdocen- 
tesis had a more significant change in antibody 
titer to the polysaccharide antigen than did women 
from whom B. fragilis was not isolated. 

These data suggest that B. fragilis may play 
a significant role in acute pelvic inflammatory 
disease and may be involved early in the infectious 
process. 





Antibiotic susceptibility 
Cleocin Phosphate has maintained an excellent 
record of in vitro activity against B. fragilis. 


If significant diarrhea or colitis occurs during 
therapy, this antibiotic should be discontinued 
(see WARNING box). A summary of pre- 


scribing information for Cleocin Phosphate 
—used in the treatment of serious infections 
due to anaerobic pathogens—can be found on 
the following page. 





For serious 


anaerobic infections... 


Cleocin Phosphate’ 


(clindamycin phosphate injection, NF) 
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Cleocin Phosphate " 


(clindamycin phosphate injection, NF) 
STERILE SOLUTION— FOR INTRAMUSCULAR AND INTRAVENOUS USE 


WARNING 
Clindamycin therapy has been associated 
with severe colitis which may end fatally. 
Therefore, it should be reserved for serious 
infections where less-toxic antimicrobial 
agents are inappropriate, as described in the 
INDICATIONS section. It should not be used 
in patients with nonbacterial infections, such 
as most upper respiratory tract infections. 
Studies indicate a toxin(s) produced by Clos- 
tridia is one primary cause of antibiotic-asso- 
ciated colitis. Cholestyramine and colestipol 
resins have been shown to bind the toxin in 
vitro. See WARNINGS section. The colitis iS 
usually characterized by severe, persistent 
diarrhea and severe abdominal cramps and 
may be associated with the passage of blood 
and mucus. Endoscopic examination may 
reveal pseudomembranous colitis. 

When significant diarrhea occurs, the drug 
should be discontinued or, if necessary, con- 
tinued only with close observation of the 
patient. Large-bowel endoscopy has been 
recommended. 

Antiperistaltic agents such as opiates and 
diphenoxylate with atropine (Lomotil) may 
prolong and /or worsen the condition. 

Diarrhea, colitis, and pseudomembranous 
colitis have been observed to begin up to 
several weeks following cessation of therapy 
with clindamycin. 





Each ml contains: 
clindamycin phosphate 


aauivelent IO. 1iosossesre crebrae 150 mg 

clindamycin 
Band alconal iossocsssasssav xta ee re 5 mg 
disodium edetate ................ sees 0.5 mg 
Wer Tor Vect. uus sas ostrea qs 


When necessary, pH adjusted with NaOH 
and/or HCI. 


Indications: Clindamycin is indicated in the 
treatment of serious infections caused by sus- 
ceptible anaerobic bacteria. 

Clindamycin is also indicated in the treatment 
of serious infections due to susceptible strains of 
streptococci, pneumococci, and staphylococci. 
Its use should be reserved for penicillin-allergic 
patients or other patients for whom, in the judg- 
ment of the physician, a penicillin is inappropri- 
ate. Because of the risk of colitis, as described in 
the WARNING box, before selecting clindamycin 
the physician should consider the nature of the 
infection and the suitability of less-toxic alterna- 
tives (eg, erythromycin). 

Anaerobes: Serious respiratory tract infections 
such as empyema, anaerobic pneumonitis, and 
lung abscess; ‘serious skin and soft-tissue infec- 
tions; septicemia; intra-abdominal infections such 
as peritonitis and intra-abdominal abscess (typi- 
cally resulting from anaerobic organisms resident 
in the normal gastrointestinal tract), infections of 
the female pelvis and genital tract such as endo- 
metritis, nongonococcal tubo-ovarian abscess, 
pelvic cellulitis, and postsurgical vaginal cuff 
infection. 
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Streptococci: Serious respiratory tract infec- 
tions; serious skin and soft-tissue infections; 
septicemia. 

Staphylococci: Serious respiratory tract infec- 
tions; serious skin and soft-tissue infections; sep- 
ticemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract 
infections. 

Adjunctive Therapy: In the surgical treatment 
of chronic bone and joint infections due to sus- 
ceptible organisms. Indicated surgical proce- 
dures should be performed in conjunction with 
antibiotic therapy. 

Bacteriologic studies should be performed to 
determine the causative organisms and their sus- 
ceptibility to clindamycin. 

Contraindications: History of hypersensitivity to 
clindamycin or lincomycin. 


Warnings: See WARNING box. Studies indicate 
a toxin(s) procuced by Clostridia is one primary 
cause of antibiotic-associated colitis. Cholestyra- 
mine and colestipol resins have been shown to 
bind the toxin in vitro. Mild cases of colitis may 
respond to drug discontinuance alone. Moderate 
to severe cases should be managed promptly 
with fluid, electrolyte, and protein supplementa- 
tion as indicated. Systemic corticoids and corti- 
coid retention enemas may help relieve the 
colitis. Other causes of colitis should also be 
considered. 

A careful inquiry should be made concerning 
previous sensitivities to drugs and other aller- 
gens. Antagonism has been demonstrated 
between clindamycin and erythromycin in vitro. 
Because of possible clinical significance, these 
two drugs shculd not be administered concur- 
rently. 

Usage in Pregnancy: Safety for use in preg- 
nancy has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns 
and infants, appropriate monitoring of organ Sys- 
tem functions is desirable. 

Nursing Mothers: Clindamycin has been 
reported to appear in breast milk in the range of 
0.7 to 3.8 mcg/ml. 

Usage in Meningitis: Since clindamycin does 
not diffuse adequately into the cerebrospinal 
fluid, the drug should not be used in meningitis. 

SERIOUS ANAPHYLACTOID REACTIONS 
REQUIRE IMMEDIATE EMERGENCY TREAT- 
MENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD 
ALSO BE ADMINISTERED AS INDICATED. 


Precautions: Review of experience to date sug- 
gests that a subgroup of older patients with 
associated severe illness may tolerate diarrhea 
less weli. When clindamycin is indicated in these 
patients, they should be carefully monitored for 
change in bowel frequency. Prescribe with cau- 
tion in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted 
bolus; infuse as directed in package insert. Indi- 
cated surgica procedures should be performed 
in conjunction with therapy. Patients with very 
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severe renal disease and/or very severe hepatic 
disease accompanied by severe metabolic aber- 
rations should be dosed with caution and serum 
clindamycin levels monitored during high-dose 
therapy. 

Prescribe with caution in atopic individuals. 
During prolonged therapy, periodic liver and kid- 
ney function tests and blood counts should be 
performed. Use may result in overgrowth of 
nonsusceptible organisms, particularly yeasts. 
Should superinfection occur, adjust therapy as 
Clinical situation dictates. Clindamycin has been 
shown to have neuromuscular blocking proper- 
ties that may enhance the action of other neuro- 
muscular blocking agents. Use with caution in 
patients receiving such agents. 


Adverse Reactions: Gastrointestinal: Abdominal 
pain, nausea, vomiting, and diarrhea. (See 
WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been 
observed. Generalized mild to moderate morbilli- 
form-like skin rashes are the most frequently 
reported of all adverse reactions. Rare instances 
of erythema multiforme, some resembling 
Stevens-Johnson syndrome, have been asso- 
ciated with clindamycin. A few cases of anaphy- 
lactoid reactions have been reported. If a 
hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be availa- 
ble for emergency treatment of serious reactions. 
Liver: Jaundice and abnormalities in liver function 
tests have been observed during clindamycin 
therapy. Hematopoietic: Neutropenia, eosino- 
philia, agranulocytosis, and thrombocytopenia 
have been reported; no direct etiologic relation- 
ship to concurrent clindamycin therapy has been 
made. Local Reactions: Pain, induration, and 
sterile abscess have been reported after intra- 
muscular injection, and thrombophlebitis after 
intravenous infusion. Reactions can be mini- 
mized or avoided by giving deep intramuscular 
injections and avoiding prolonged use of indwell- 
ing intravenous catheters. Musculoskeletal: Rare 
instances of polyarthritis have been reported. 


How Supplied: Available as sterile solution with 
each ml containing clindamycin phosphate 
equivalent to 150 mg clindamycin. Ampoules of 
2 and 4 ml. 


Caution: Federal law prohibits dispensing without 
prescription. MED B-7-S 


References: 1. Thadepalli H, Gorbach SL, 
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trauma, anaerobes, and antibiotics. Surg Gyne- 
col Obstet 137:270-276, 1973. 2. DiZerega G, 
Yonekura L, Roy S, Nakamura RM, Ledger WJ: A 
comparison of clindamycin-gentamicin and penl- 
cillin-gentamicin in the treatment of postcesarean 
section endomyometritis. Am J Obstet Gynecol 
134:238-242, 1979 
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Long-term Results of Emergency Portacaval Shunt for 
Bleeding Esophageal Varices in Unselected Patients 


with Alcoholic Cirrhosis 


MARSHALL J. ORLOFF, M.D., RICHARD H. BELL, JR., M.D., PAUL V. HYDE, M.D., WILLIAM P. SKIVOLOCKI, M.D., PH.D. 


A prospective evaluation of emergency protacaval shunt has 
been conducted in 180 unselected, consecutive patients with 
cirrhosis and bleeding varices who were operated on between 
1963 and 1978. An extensive diagnostic work-up was com- 
pleted within three to seven hours of admission to the emer- 
gency department, and the shunt operation was undertaken 
within a mean of 7.81 hours. A program of lifelong follow-up 
was conducted such that the current status of 97% of the 
patients is known. On each patient, 220 categories of data 
were collected and entered into a computer program for 
analysis. On admission, 49% of the patients had jaundice, 
53% had ascites, 19% had encephalopathy, 30% had severe 
muscle wasting and 100% had abnormal BSP retention. Ad- 
ministration of a bolus dose of vasopressin by the systemic 
intravenous route temporarily controlled the varix hemor- 
rhage in 95% of patients, and emergency shunt permanently 
controlled the bleeding in 98%. Maximum perfusion pressure 
in the portal vein prior to shunt did not correlate with 
survival rate or incidence of encephalopathy after shunt. The 
operative survival rate was 58%, the five-year actuarial survival 
rate is 38% and the 12-year actuarial survival rate is 30%. 
Encephalopathy was observed in 31.5% of the patients, but was 
severe enough to require chronic dietary protein restriction 
in only 7%. The portacaval shunt remained patent in 99% of 
patients. Of the survivors, 48% abstained from alcohol, 60% 
resumed gainful employment or housekeeping, and two-thirds 
were judged to be in excellent or good condition after one and 
five years. Preoperative factors that adversely influenced sur- 
vival rate were ascites, SGOT = 100 units, BSP retention 
> 50%, hypokalemic alkalosis, blood transfusion requirement 
= 5 L, and consumption of alcohol within seven days of ad- 
mission. In comparison with our previous prospective studies, 
emergency portacaval shunt produced a significantly greater 
long-term survival rate than either emergency medical 
therapy or emergency varix ligation, followed by elective shunt. 
During the past four years, 80% of 49 unselected patients have 
survived emergency shunt, and the four year actuarial survival 
rate is 69%. 


qu HAS BEEN a dramatic increase in chronic 
alcoholism in the United States and much of the 
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Western world during the past 25 years, and a cor- 
responding rise in the incidence of alcoholic cirrhosis. ! 
The mortality rate of alcoholic cirrhosis is as high as 
the death rate associated with some of the most lethal 
cancers, and is due to bleeding from esophageal 
varices in approximately one-third of the cases. Pro- 
spective studies in patients with alcoholic cirrhosis that 
we” and others? have performed have clearly dem- 
onstrated that patients who survive an episode of varix 
hemorrhage have a 95% probability of bleeding again, 
and a 90-100% likelihood of dying within five years 
unless the portal hypertension is relieved. All of the 
patients in our study died within two years. 

The only definitive treatment for portal hyper- 
tension and bleeding esophageal varices in patients 
with alcoholic cirrhosis is some form of portal—sys- 
temic shunt. There are three circumstances in which 
the shunt operation has been used in patients with esoph- 
ageal varices, namely, as a prophylactic measure, 
as elective treatment and as emergency therapy. Each 
of these circumstances is different from the other and 
involves a distinctive group of patients, so that it is 
inappropriate to compare the results of shunt therapy 
in one group with those in another or to lump them 
together in evaluating the effectiveness of the shunt 
operation. 

Prophylactic portal—systemic shunt has been shown 
by three prospective clinical trials* 5 to be of no value 
in prolonging life. Since approximately two-thirds of 
patients with esophageal varices never bleed from 
their varices, the outcome of these studies was pre- ` 
dictable. Good results can hardly be expected from 
performance of a serious operation designed to pre- 
vent a complication that would not occur in two-thirds 
of the subjects if they did not have the operation. 
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However, it cannot be, emphasized too strongly that 
the results of prophylactic shunt have no bearing on 
what might be expected of therapeutic portal- systemic 
shunt in a patient who has bled from varices. 

Elective therapeutic portal-systemic shunt, used in 
- patients who have recovered from an episode of varix 
hemorrhage, is still a matter of controversy even 
though it has been the type of shunt most frequently 
performed during the past 35 years. There is no ques- 
tion that by carefully selecting patients it is possible 
to obtain a low operative mortality rate and a sub- 
stantial long-term survival rate following elective thera- 
peutic shunt. In a series of over 600 highly selected 
patients who were referred to us after having sur- 
vived a bleeding episode at another hospital, the 
operative mortality rate of elective shunt has been 276, 
the five-year survival rate is 60% and only three pa- 
tients have rebled from varices. However, there are 
two problems associated with elective therapeutic 
portal-systemic shunt. The first is the lack of ac- 
ceptable prospective studies of any magnitude that 
have compared elective therapeutic shunt with other 
forms of therapy in similar groups of patients. The 
second, and more important problem is that the mortal- 
ity rate of acute varix hemorrhage in patients with 
alcoholic cirrhosis is so high that few patients, not 
many more than 15—20% of those who bleed, have sur- 
vived the bleeding episode and then qualified for elec- 
tive shunt. Considerable evidence indicates that the 
traditional approach involving use of temporary, 
nonsurgical emergency measures to control the bleed- 
ing in hopes of permitting methodical preparation 
of the patients for elective surgery has had little in- 
fluence on the overall survival of the bleeding 
cirrhotic population. It is for this reason that we have 
focused our attention during the past 17 years on the 
third form of shunt therapy, specifically, emergency 
portacaval shunt. 

Since 1963 we have conducted a prospective study 
of emergency portacaval shunt in unselected, con- 
secutive patients with alcoholic cirrhosis. This is a 
report of the results obtained in 180 cirrhotic patients 
who underwent emergency shunt between 1963 and 
1978, so that all patients had at least two years of 
follow-up. By emergency shunt is meant a portacaval 
anastomosis undertaken within eight hours of the ap- 
pearance of the patient in the emergency department. 


Materials and Methods 


In 1961 a prospective program was initiated for the 
evaluation of emergency therapy of bleeding esoph- 
ageal varices in unselected patients with alcoholic 
cirrhosis. The study and treatment plans have been 
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described in detail previously,?^* and have been applied 
consistently and rigorously up to the present time. Ini- 
tial studies involved a comparison of emergency 
medical treatment with emergency transesophageal 
varix ligation in a randomized clinical trial.” In 1963, 
evaluation of emergency portacaval shunt was ini- 
tiated, and by 1978 a total of 180 consecutive patients 
had undergone operation. The distinguishing charac- 
teristic of this prospective program, unlike any other 
that has been reported to date, is that all patients who 
entered the hospital with alcoholic cirrhosis and bleed- 
ing esophageal varices have been included with no 
attempt at selection. 


Diagnostic Work-up 


The diagnostic work-up was completed within three 
to seven hours of admission to the emergency depart- 
ment. The most important aspects of the work-up were: 
1) history; 2) physical examination, including confirma- 
tion of bleeding by aspiration of the stomach contents 
through a nasogastric tube, and gross and chemical 
examination of the stool for blood; 3) blood studies 
that included a complete blood count, platelet count; 
battery of liver function tests, including sulfobromo- 
phthalein sodium (BSP) excretion, arterial blood gases 
and pH, serum electrolytes, creatinine, urea nitrogen, 
coagulogram, alcohol level; 4) esophagogastroduo- 
denoscopy with the flexible fiberoptic endoscope; 
5) barium contrast upper gastrointestinal roentgeno- 
grams; and 6) hepatic vein catheterization for wedged 
pressure measurements. Additional studies that were 
routinely performed included electrocardiogram, chest 
roentgenogram, and systemic hemodynamic measure- 
ments of cardiac output, cardiac index and peripheral 
vascular resistance. From 1969 to 1976 the diagnostic 
work-up included determination of hepatic blood flow 
with *?""Tc-sulfur colloid, radioisotopic liver and 
spleen scanning, hepatic venography, and selective 
arteriography through the splenic, superior mesenteric, 
left gastric and hepatic arteries, followed by indirect 
portography; however, after seven years of experience 
it was concluded that these invasive, time-consuming 
and costly studies made little additional contribution 
to obtaining the diagnosis or planning treatment, so 
they were discontinued in 1976. 


Initial Therapy 


Large bore intravenous catheters were placed in each 
arm through cutdowns, a Foley indwelling catheter was 
inserted in the urinary bladder, and a large bore naso- 
gastric tube was introduced. Vasopressin, in a dose 
of 20 units of surgical pituitrin diluted in 200 ml of 
596 dextrose solution, was given intravenously over a 


Vol. 192 e No. 3 


20 minute period to every patient shortly after ad- 
mission to the emergency department, and occasionally 
was repeated once or twice during the ensuing hours. 
Blood transfusions were started promptly and almost 
always included at least 2000 ml of fresh, whole blood 
donated within 12 hours of administration. The 
stomach was irrigated with iced saline solution both 
before endoscopy and after the barium contrast roent- 
genograms were performed. A solution containing 4 g 
neomycin sulfate and 60 ml of magnesium sulfate was 
instilled in the stomach, and a saline enema contain- 
ing 4 g neomycin was administered. Intravenous fluid 
therapy consisted of a 1096 dextrose solution con- 
taining therapeutic dosages of vitamins K, C and the B 
complex. Potassium chloride was added to the paren- 
teral fluids when hypokalemia was present. Esophageal 
balloon tamponade was not used in any patient. 


Emergency Portacaval Shunt Operation 


In almost all patients the emergency shunt operation 
was started between the seventh and eighth hours after 
the patient entered the emergency department. The 
mean time interval between initial contact with the 
patient and the start of the shunt procedure was 7.81 
+ 0.34 (SEM) hours. Anesthesia was maintained with 
nitrous oxide—oxygen and intravenous administration 
of an analgesic and muscle relaxant. The operation 
was performed through a long right subcostal incision 
with the patient in an oblique position by a technique 
that we have described previously.'^ Before and after 
performance of the shunt, pressures were measured 
in the portal vein (unoccluded and on each side of an 
occluding clamp) and inferior vena cava by direct 
needle puncture, using a saline manometer positioned 
at the level of the inferior vena cava. With rare ex- 
ceptions, the postshunt finding of a pressure gradient 
between the portal vein and inferior vena cava of more 
than 50 mm saline was taken as evidence of an un- 
satisfactory shunt and was managed by immediate 
take-down and reconstruction of the portacaval 
anastomosis. Cardiac output was determined intra- 
operatively before and after performance of the shunt. 
A large wedge liver biopsy was obtained from every 
patient. Beginning in 1969, direct measurements of 
blood flow in the hepatic artery and portal vein with 
an electromagnetic flowmeter were performed before 
and after portacaval shunt in many patients, along with 
measurements of portal and systemic blood oxygen 
content and PO». Side-to-side portacaval shunt was 
performed in 150 patients, end-to-side portacaval shunt 
was performed in 27 patients, and another type of shunt 
was done in three patients after attempts at a direct 
. portacaval anastomosis were unsuccessful. 
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Postoperative Treatment i 


Postoperatively the patients were treated for at least 
one week in a surgical intensive care unit that had 
expertise in the care of patients with liver disease. 
Monitoring was continued and included serial measure- . 
ments of cardiovascular, pulmonary, hepatic and renal 
function; fluid, electrolyte and acid—base balance; 
blood count and blood coagulation. Daily neomycin 
therapy, cathartics and enemas were continued for 
three days. Hypokalemic alkalosis was corrected 
mainly by administration of potassium chloride intra- 
venously, sometimes in amounts as great as 400— 500 
mEq/day; occasionally an acidifying agent was re- 
quired. The hyperdynamic state was managed with 
digitalization and cardiotonic drugs. All patients with 
a cardiac output of 6 L/min or greater were given 
digitalis over a period of 48 hours beginning on the day 
of operation. Particular attention was given to pul- 
monary toilet. Delerium tremens was treated with 
parenteral administration of magnesium sulfate, chlor- 
diazepoxide hydrochloride (Librium) and 50% dextrose 
solution with vitamins. All patients received antacid 
therapy after removal of the nasogastric tube on the third 
or fourth postoperative day. Since 1978, all patients have 
been given cimetidine throughout the postoperative pe- 
riod. Oral nutrition consisted of a 4,000 calorie, 200 mg 
sodium, high carbohydrate, bland diet with a protein con- 
tent that was increased at three day intervals from 20 g to 
40 g to 60 g, and finally to 80 g per day if no signs of 
encephalopathy developed. Determination of dietary 
protein tolerance under controlled conditions in the 
hospital was considered essential. The patients and 
their families were counseled repeatedly about manage- 
ment of diet and abstinence from alcohol. 


Lifelong Follow-up 


Following discharge from the hospital, the patients 
were observed in the Portal Hypertension Clinic at least 
monthly for the first postoperative year and every three 
months thereafter. At each clinic visit, clinical status 
was determined and serial measurements were made of 
liver function, renal function and fluid and electrolyte 
balance according to a schedule prescribed by the study 
protocol. In addition, each patient was hospitalized 
yearly for a period of two or three days for a thorough 
evaluation that included catheterization of both the 
shunt and the hepatic veins with pressure measure- 
ments and angiography to determine shunt patency and 
function, splanchnic arteriography, measurement of - 
cardiac output, needle liver biopsy and gastrointestinal 
roentgenography. Only six patients have been lost to 
follow-up, four in the second year, one in the fifth year, 
and one in the tenth year postoperatively. The one year 
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TABLE 1. Clinical Characteristics at Time of Admission of 180 Unselected Cirrhotic Patients Treated by Emergency Portacaval Shunt 


OO 





History Physical Examination 
Influence Influence 
Per Cent Per Cent on Survival Per Cent Per Cent on Survival 
of Group Survival (p) of Group Survival (p) 

stench iii ate o 
Age (years) Jaundice 

<40 19 71 NS present 49 59 NS 

40-49 33 66 absent 51 58 

50—59 36 47 Ascites 

=60 12 50 present 53 46 <0.01 
Sex absent 47 72 

male 68 56 NS Encephalopathy 

female 31 61 present 19 51 NS 
Years of alcoholism past history only 13 54 

>10 80 55 absent 67 61 

5-10 16 67 

<5 11 86 «0.05 Muscle wasting 
Last drank alcohol severe 30 49 NS 

<7 days 71 53 — 0.05 moderate to mild 70 62 

7 days 29 71 Liver size 
Bleeding episode enlarged 80 57 NS 

first 56 55 NS small 20 59 

second 24 59 Splenomegaly 

third or more 20 67 present 39 59 NS 
Delerium tremens absent 61 58 

history 22 55 NS Blood in gastric aspirate 97 58 — 

no history 78 60 Blood in stool 9] 58 — 
Hematemesis 98 58 — 
follow-up rate was 100%. The current status of 97% Results 


of the group of 180 patients is known, some 2- 17 years 
after shunt. Autopsies were performed on the patients 
who died. 


Data Collection and Analysis 


Beginning with the moment of initial contact in the 
emergency department and continuing through the 
lifelong follow-up, detailed data obtained in every 
patient from the history, physical examination, 
laboratory tests, roentgenographic studies and opera- 
tive findings were recorded on standard forms and 
entered into a computer program that sorted the 
information as the study progressed. On each patient, 
220 categories of data were collected and entered into 
the computer program for analysis. Many of the items 
of information were collected repetitively. The cate- 
gories of data were analyzed for significance, particu- 
larly with regard to their effect on patient survival, 
by the chi square test. A confidence level of 95% or 
greater was considered statistically significant. When 
the population of any cell in the 2 x 2 table was five 
or less, calculations were performed by the factorial 
. method. Comparison of mean values was performed by 
Student's t-test for unpaired variables. Long-term sur- 
vival was calculated according to the actuarial or life 
table method,''"? adjusted by age and sex for the 
California population.!'? 


Characteristics of the Patients 


Tables 1 and 2 summarize the characteristics deter- 
mined from history, physical examination and diag- 
nostic work-up on admission of the 180 unselected, 
consecutive patients who underwent emergency porta- 
caval shunt. The patients ranged in age from 22 to 75 
years (mean: 48 + 0.7 SEM years), and two-thirds 
were males. Neither age nor sex significantly influenced 
the survival rate. Eighty per cent of the patients gave 
a history of heavy alcohol consumption for more than 
ten years, and only 1196 had been drinking heavily for 
less than five years. A history of less than five years 
of alcoholism was associated with a significant increase 
in survival rate to 8696 (p — 0.05). Sixty-one per cent 
of the patients had been drinking heavily during the 
two days prior to onset of bleeding, and 7146 had in- 
gested alcohol within one week of varix hemorrhage. 
The survival rate of these patients was significantly 
lower (p < 0.05) than that of patients who had ab- 
stained for more than one week, although abstention 
for longer periods of time, even for more than one year, 
did not further increase the survival rate. A history 
of delerium tremens was obtained from 22% of the 
patients (present on admission in 3%), but it was not 
associated with a decrease in survival rate. 

One hundred patients (56%) were bleeding from the 
gastrointestinal tract for the first time, 44 (24%) for the , 
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second time and 36 (2096) for the third, fourth or 
fifth time. There was no statistically significant rela- 
tionship between number of previous bleeding episodes 
and survival rate after emergency shunt. A history of 
hematemesis was obtained from 9846 of the patients, 
and gross blood was observed in either the gastric 
aspirate (97%) or the stool (91%) in all patients at the 
time of initial contact in the emergency department. 
Esophageal varices were demonstrated endoscopically 
in 98% of patients, roentgenographically in 95%, and 
by one or the other of these procedures in 100% of 
patients. The diagnosis was based on the demonstration 
of varices in a cirrhotic patient with upper gastro- 
intestinal bleeding, plus the absence of any other lesion 
that might account for the bleeding. 

All of the patients had clinical and biochemical mani- 
festations of severe liver disease, and cirrhosis was 
found in every patient on the liver biopsy obtained at 
operation. Clinical jaundice was observed on initial 
contact in 49% of patients, and 63% had an elevated 
serum bilirubin level. Ascites on physical examination 
was recorded in 5396 of patients, and was demon- 
strated at operation in 47%. Hepatic encephalopathy 
ranging from stupor to confusion, slurred speech and 
asterixis was observed on admission in 19% of pa- 
tients, and an additional 13% had a documented past 
history of encephalopathy. Thus, 32% of the group had 
encephalopathy at some time prior to operation. On ad 
mission, jaundice, ascites and encephalopathy were 
present separately or in combination in 77% of the 
patients. All of the patients had muscle wasting, and in 
30% it was severe. Preterminal liver disease, mani- 
fested by the concurrent presence of jaundice, ascites, 
encephalopathy and severe muscle wasting, was found 
in 17 patients (9% of the group). Hepatomegaly was 
observed in 80% of the patients, and the spleen was 
palpable in 39%. The finding of a small liver was not 
prejudicial to survival. 

The only liver function test that was abnormal in 
all patients was BSP excretion, which was determined 
only in the 150 patients who had a serum bilirubin level 
below 5 mg/dl, and was measured only after the blood 
volume had been restored and the blood pressure was in 
the normal range. Survival rates associated with in- 
crements of BSP retention up to 50% were not sig- 
nificantly different from each other, but the 31 patients 
who retained more than 50% of BSP 45 minutes after 
injection of the dye had a significant decrease in sur- 
vival rate (p < 0.01). The other liver function test that 
correlated with survival was the level of serum glutamic 
oxaloacetic transaminase (SGOT). SGOT levels on ad- 
mission of 100 units or more usually resulted from acute 
alcoholic hepatitis superimposed on cirrhosis, and were 
* associated with a significant decrease in survival rate 
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TABLE 2. Laboratory, Endoscopic and Roentgenographic Findings 
at Time of Admission in 180 Unselected Cirrhotic Patients 
Treated by Emergency Portacaval Shunt 








Influence 
Per Cent Per Cent on Survival 
of Group Survival (p) 
SGOT 
= 100 units 34 43 <0.01 
<100 units 66 70 
BSP retention 
> 50% 21 36 <0.01 
21-50% 73 65 
<21% 6 78 
Serum bilirubin 
<5.0 mg/dl 85 60 NS 
5.0- 10.0 mg/dl 11 50 
7 10.0 mg/dl 4 43 
Serum alkaline phosphatase 
7 [00 units 52 59 NS 
=100 units 48 56 
Serum albumin 
«3.0 g/dl 56 60 NS 
=3.0 g/dl 44 58 
Prothrombin 
<25% 14 44 NS 
25— 5096 26 55 
>50% 60 63 
Liver index* (0-4.0) 
3.4 6 0 «0.01 
2.0-3.4 72 58 
«2.0 22 79 — 0.05 
Hypokalemic alkalosis 
ofl = 7.5; Kk <= 33 29 42 <0.05 
pH «€ 7.5; K = 3.5 71 67 
Varices on x-ray 95 58 — 
Varices on endoscopy 98 58 — 
Varices on x-ray and/or 
endoscopy 100 58 E 


* Liver index was calculated by averaging the weights assigned 
to various laboratory values as follows: 


0 | 2 3 4 
Bilirubin — mg/dl <1.0 ah «309 «5.5 25.5 
Prothrombin — 96 >80 61-80 41-60 21-40 <21 
BSP—% <4 <10 <20 <30 >30 


(p < 0.01). The survival rate was unrelated to the 
prothrombin activity or the serum levels of bilirubin, 
alkaline phosphatase and albumin. The liver index, 
based on arbitrary weights assigned to various levels 
of BSP retention, prothrombin activity and serum 
bilirubin, correlated with survival only at the extremes, 
particularly at the upper, preterminal level of hepatic 
dysfunction when clinical evaluation alone would have 
permitted a prediction of outcome. Fine tuning in the 
liver index range of 2.0 to 3.4, which contained 72% of 
the patients, was not helpful in predicting the response 
to emergency shunt. : 
Metabolic alkalosis with an arterial blood pH of 7.50 
or greater was present on admission in 50% of patients, 
and was combined with hypokalemia below 3.5 mEq/L 
in 16%. Hypokalemic alkalosis was associated with a 
significant decrease in survival rate (p < 0.05). 
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TABLE 3. Control of Varix,Bleeding in 180 Unselected Cirrhotic 
Patients Treated by Emergency Portacaval Shunt 


Per Cent 
of Group 
Temporary control by intravenous vasopressin 
preoperatively 95 
Permanent control by emergency portacaval shunt 98 
Blood transfusions required preoperatively 
and intraoperatively together: 
« 5000 ml 61 
5000-7000 ml 16 
7000 ml 27 


mean: 5116 ml 


Control of Hemorrhage ( Table 3) 


Bolus administration of vasopressin by the systemic 
intravenous route in the emergency department tem- 
porarily controlled the varix hemorrhage in 9596 of 
the patients, facilitated endoscopy and removal of 
blood from the intestines, and allowed sufficient time 
to complete the diagnostic work-up. With considerable 
frequency, however, bleeding resumed af:er several 
hours, sometimes during the early stages of the opera- 
tion, and required administration of another bolus dose 
of vasopressin. 

Emergency portacaval shunt permanently controlled 
the bleeding from varices in all but four patients (98%). 
However, an additional five patients continued to bleed 
postoperatively from a severe coagulopathy associated 
with end stage liver disease, and three of these patients 
died. 

The 180 patients required an average volume of blood 
transfusion of 2121 + 159 ml (SEM) preoperatively, 
2995 + 190 ml intraoperatively and 5116 + 258 ml 
total. Some of the blood transfused intraoperatively 
represented replacement of blood lost from varix 
hemorrhage preoperatively. Requirement of a com- 
bined total of more than 5 L of blood transfusion 
preoperatively and intraoperatively had a statistically 
significant adverse effect on survival (p < 0.001). 
Comparison of the requirement for blood transfusion 
in survivors and nonsurvivors of emergency shunt 
showed no differences in preoperative transfusion 
volume (2136 + 245 vs 2099 + 173), but a highly 
significant difference (p — 0.001) in intraoperative 
transfusion volume (2142 + 155 vs 4188 + 360). It is 
possible that difficulties in performing the operation led 
to greater blood loss and a higher mortality rate. Along 
' these lines, the time required to perform the operation 
from the making of the skin incision to completion 
of the skin closure averaged 4.1 + 0.1 (SEM) hours. 
In only 1346 of the patients were more than five hours 
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required to accomplish the shunt, and the operation 
was completed in less than four hours in half of the 
patients. 


Operative Pressures 


Table 4 summarizes the results of pressure measure- 
ments made during the emergency shunt operation. 
All patients had portal hypertension with corrected 
free portal pressures (FPP), obtained by subtracting 
the inferior vena cava pressure, that ranged from 83 
to 422 mm saline and averaged 267 + 5 mm (SEM) 
saline. The corrected wedged hepatic vein pressure 
(WHVP) measured during the preoperative diagnostic 
work-up averaged 291 + 9 mm saline, and was not 
significantly different from the intraoperative FPP, 
which confirms the validity of using WHVP to diagnose 
portal hypertension in alcoholic cirrhosis. Portacaval 
shunt reduced the corrected FPP to a mean level of 
2] + 2 mm. The pressure gradient across the shunt 
between the portal vein and inferior vena cava was 
less than 50 mm in 86% of the group. The type of 
shunt performed was a side-to-side portacaval in 150 
patients, an end-to-side portacaval in 27 patients, and 
another type of shunt in 3 patients. There was no dif- 
ference in survival rate, incidence of encephalopathy 
or long-term liver function between side-to-side and 
end-to-side anastomosis. 

In 24% of the patients, the pressure on the hepatic 
side of a clamp occluding the portal vein (HOPP) was 
higher than the FPP. Although pressure measurements 
do not determine blood flow, this finding has been 
interpreted to indicate the presence of severe hepatic 
outflow obstruction and the likelihood of reversal of 
blood flow in the portal vein. As we have reported 
previously,'* patients with this finding had a significant 
decrease in survival rate (p — 0.05). 

Table 5 presents data on the influence of maximum 
perfusion pressure (MPP) in the portal vein, deter- 
mined by subtracting HOPP from SOPP prior to shunt, 
on survival rate and incidence of encephalopathy after 
shunt. It has been proposed that MPP reflects the 
magnitude of prograde portal blood flow and can be 
used to predict the response to portacaval shunt. 
According to this hypothesis patients with a large 
hepatopetal portal blood flow and high MPP will suffer 
serious consequences from sudden diversion of portal 
blood away from the liver through a portacaval shunt. 
Analysis of our data shows no relationship of MPP 
to the survival rate or incidence of encephalopathy 
following emergency shunt. In fact, patients with the 
highest MPP had the highest survival rate and lowest 
incidence of postshunt encephalopathy. These findings 
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TABLE 4. Operative Findings in 180 Unselected Cirrhotic Patients Treated by Emergency Portacaval Shunt 
Te 


Mean Corrected Influence 
Pressure + SEM Per Cent Per Cent on Survival 
Pressure Data (mm Saline)* of Group Survival (p) 
T 
Before portacaval shunt: Type of shunt: 
free portal (FPP) 267 £5 side-to-side portacaval 83 60 NS 
hepatic occluded portal (HOPP) 220 + 8 end-to-side portacaval 15 56 
splanchnic occluded portal (SOPP) 323 + 8 other 2 0 
After portacaval shunt: HOPP > FPP: 
free portal (FPP) 21 x32 present 24 43 «0.05 
absent 76 65 
Wedged hepatic vein before shunt: 291 +9 Duration of operation 
25 hours 13 58 NS 
<5 hours 87 58 
Cirrhosis on liver biopsy 100 58 — 


————————————————,»ÓÁEUEUEEÉÁMÉÁHMÁMMMÁMMMO MEM 
* Corrected pressure was obtained by subtracting inferior vena cava pressure. 


confirm our previous observations, and add to the not affect length of stay in the hospital were observed 
substantial evidence!" showing that perfusion in 4% of the patients, and deep wound infections 


pressure or blood flow in the portal vein are not deter- developed in 3%. The development of delerium 
minants of the response to portacaval anastomosis. tremens, ascites or wound infection did not influence 

survival, but the other postoperative disorders, particu- 
Postoperative Complications larly liver failure and bleeding, had a statistically 


significant effect. 

The operative mortality rate was 42%, 75 patients 
dying within one month of operation. The causes of 
death were hepatic failure in 61%, cardiac failure in 
13%, gastrointestinal bleeding in 946, sepsis in 7%, 
pulmonary insufficiency in 4%, intraabdominal bleed- 
ing in 4%, and other causes in 1%. Of the 46 patients 
who died of liver failure, 27 also had renal failure. 

At the time of discharge from the hospital, tolerance 


Table 6 summarizes the postoperative complications 
that developed during hospitalization. Most patients 
had a transient increase in hepatic dysfunction soon 
after operation, manifested most consistently by a rise 
in serum bilirubin level. In 6896 of patients the serum 
bilirubin concentration rose above 5 mg/dl. Hepatic 
failure developed in 32% of the patients, metabolic 
alkalosis in 80% (with hypokalemia in 49%), delerium 
tremens in 23%, and transient ascites in 12%, almost 
all of whom had ascites preoperatively. Gastroin- 
testinal bleeding occurred = 21% of the patients, most TABLE 6. /n-hospital Postoperative Complications in 180 Unselected 
of whom were desperately ill, and was most commonly Cirrhotic Patients Treated by Emergency Portacaval Shunt 
due to multiple stress ulcers in the stomach or hemor- 


rhagic gastritis. Superficial wound infections that did Per Cent 


with This 
No. of Per Cent Complication 
Patients of Group Surviving 





TABLE 5. Influence of Maximum Perfusion Pressure (MPP) 


in Portal Vein Before Portacaval Shunt on Survival Metabolic alkalosis 








and Encephalopathy After Portacaval Shunt (pH = 7.50) 134/168 80 53* 
Hepatic failure 58 32 S37 
Maximum 

Perfusion Pressure Per Cent Delerium tremens 41 23 44° 

(SOPP minus HOPP)* No. of Per Cent Encephalopathy i 
mm Saline Patients Survival in Survivors Rebleeding during first month 37 21 30 
"stress" ' gastric ulcer 17 — 24* 

— 100 83 53 32 hemorrhagic gastritis 5 — 40* 

101—200 42 64 44 coagulopathy 6 = 33* 
201—300 29 62 28 varices 4 "" 25* 
300 20 70 28 undetermined 5 — 40 
Ascites 21 12 76 





All comparisons of survival and encephalopathy were not 

statistically significant. Deep wound infection 6 3 67 
* SOPP, splanchnic occluded portal pressure; HOPP, hepatic 

occluded portal pressure. * p < 0.01 compared to patients without this complication. 
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TABLE 7. Survival Rate, Shunt Patency, Encephalopathy and Other Disorders in 180 Unselected Cirrhotic Patients 
i Following Emergency Portacaval Shunt 


Per Cent 
of Group 
Operative survival 58 
Actuarial 12 year survival 30 
Patency of shunt 99 
Encephalopathy in survivors at any time 31.3 
severe (chronic protein restriction) 7.0 
moderate (transient protein restriction) 12.0 
mild 13.0 
existed pre- and postshunt 16.0 


of a dietary protein intake of 80 g per day was docu- 
mented by testing in 95% of the survivors. Three 
patients could not tolerate more than 60 g of protein 
per day without having neurologic symptoms, and one 
patient each required limitation of daily protein intake 
to 50 g and 40 g, respectively. 


Encephalopathy 


During the postoperative and follow-up periods, 
concerted efforts were made to detect encephalopathy 
by discussions with the patients and their families, 
physical examinations and psychometric testing. The 
overall incidence of encephalopathy occurring in the 
survivors at any time after operation was 31.5% (Table 
7). Severe encephalopathy requiring chronic dietary 
protein restriction developed in 7% of the survivors, 
in all but one of whom it started during the first year 
after shunt. Moderate encephalopathy, which is de- 
fined as one or more easily controlled episodes re- 
quiring transient dietary protein restriction and oc- 
curring infrequently, developed in 1296 of the sur- 
vivors. Mild encephalopathy not requiring dietary 
protein restriction was detected in 13% of survivors. 
Half of the survivors who developed encephalopathy 
after shunt had encephalopathy prior to operation. 
Encephalopathy had its onset in the first postoperative 
year in 70% of those who developed the disorder, and 
in the second postoperative year in an additional 20%, 
so that only 10% of those with encephalopathy devel- 
oped the problem more than two years after shunt. 
Advanced age and type of shunt were not significant 
factors in the incidence of encephalopathy. 

The survivors of emergency portacaval shunt were 
followed up for 457 patient years during which there 
. were 101 hospitalizations for encephalopathy, an 
average of 0.22 hospitalizations per patient year. The 
hospitalizations for encephalopathy were precipitated 
by dietary indiscretion in 7396 of the instances, alcohol 


Per Cent 
of Group 
Chronic peptic ulcer in survivors 13 
Gastrointestinal bleeding in survivors: 14 
duodenal ulcer 5 
alcoholic gastritis 5 
enteritis l 
undetermined 2 
Alcohol intake in survivors: 
abstention 48 
occasional use 24 
regular use 21 


abuse in 29%, hepatic failure in 21% acute infection in 
10% and gastrointestinal bleeding in 6%. More than 
one precipitating factor accounted for a number of 
hospital admissions. The incidence of encephalopathy 
was low in patients who abstained from alcohol and 
followed simple directions regarding diet. 


Survival 


Of the 180 unselected patients who underwent 
emergency portacaval shunt, all comers included, 105 
survived the operation, an early survival rate of 58% 
(Table 7). The survivors have been observed for from 
two to 17 years, and all but six are currently being seen, 
a current follow-up rate of 97%. For the entire group 
of patients, the one-year survival rate is 46%, the five- 
year actuarial survival rate is 38%, and the 12-year 
actuarial survival rate is 30%. There has been no change 
in survival rate during the five-year period between the 
eighth and twelfth postoperative years. From the end of 
the first year to the end of the twelfth year, survival 
declined at the rate of 1.4% per year. Itis clear that once 
a patient survived the operation, he had somewhat 
better than a 50—50 chance of living for 12 years. 

Yearly angiographic studies in the survivors and 
autopsies in the patients who died have demonstrated 
a patent portacaval anastomosis in 99% of the 180 pa- 
tients. The two occluded shunts were end-to-side 
anastomoses that developed thrombosis early in the 
postoperative period. Barium contrast roentgeno- 
graphic studies have shown disappearance of esopha- 
geal varices in 8446 of survivors. 

Chronic peptic ulcer disease has developed in 13% of 
the survivors, and gastrointestinal bleeding has oc- 
curred in 14%, usually as a result of duodenal ulcer 
or alcoholic gastritis. All episodes of bleeding have 
been investigated, and none have been found to be due 
to esophageal varices. 

Table 8 and Figure | present a comparison of the 
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TABLE 8. Comparison of Results of. Prospective Evaluations of Three 
Types of Emergency Treatment of Bleeding Esophageal Varices 
in Unselected Cirrhotic Patients 
l—————5——»————»————— A 


Emergency 
Medical Varix Portacaval 
Therapy* Ligation* Shunt 
l————————  MÉÁÓÉÁÁÉLGNMMN 
Number of patients 59 28 180 
Jaundice on admission (42) 42 57 49 
Ascites on admission (92) 41 50 53 
Encephalopathy on 
admission (%) 25 25 19 
Mean liver index on 
admission 2.8 2.8 2.4 
Mean volume of blood 
transfused (L) p». 4.2 5.1 
Early survival (%) 17 54 58 
12-year survival (%) 0 7 30 


* Followed by elective portacaval shunt when possible. 


results of the three types of emergency treatment of 
bleeding esophageal varices that we have evaluated 
prospectively in unselected cirrhotic patients during 
the past 19 years. Since the three forms of therapy were 
. not evaluated concurrently, the comparison may not be 
valid. Nevertheless, the three groups of patients are 
quite comparable from the standpoints of age, sex, type 
and severity of cirrhosis, incidence of jaundice, ascites 
and encephalopathy, liver function, and intensity of the 
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80 
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treatment that they received. The mean volume of 
blood transfusion required by the medical therapy 
group was substantially greater than the volume 
required by either of the surgically treated groups. 
Early survival rates were more than three times greater 
in the surgical treatment groups than in the medical 
treatment group. One-year, five-year and 12-year 
actuarial survival rates were significantly greater fol- 
lowing emergency portacaval shunt than after either 
of the other forms of emergency treatment. 


Quality of Life 


Table 9 presents some data that reflect the quality 
of life in the 95 long-term survivors of emergency shunt. 
General status was judged excellent or good by the 
examining physicians in approximately two-thirds of 
the patients surviving one and five years, and in 80% 
of the group surviving ten years. Less than 10% of the 
survivors were considered to be doing poorly. Ex- 
cluding patients over 65 years of age who were con- 
sidered too old to work, 60% of the survivors were 
gainfully employed or doing full-time housework for 
part or all of the follow-up period, and 56% of the 
current survivors are working at present. One year 
postoperatively, 45% of the eligible survivors were 
employed or keeping house. Five and ten years post- 
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TABLE 9. Quality of Life in 95 Long-term Survivors 
of Emergency Portacaval Shunt 


Per Cent of Survivors 





| Year 5 Years 10 Years 

—€———————"——DO————— "—————— 
General status 

excellent or good 69 62 80 

fair 25 29 20 

poor 6 9 0 
Working 45 28 80 
Abstinence from alcohol 48 55 60 
Change in Liver Index 

improved (decreased =0.5) 32 44 — 

worse (increased =0.5) 39 22 — 

unchanged (<0.5+) 20 33 -- 





operatively, the percentages of survivors working were 
28 and 80%, respectively. 

Of the 95 long-term survivors, 4846 abstained from 
alcohol throughout the follow-up period, 24% con- 
sumed alcohol occasionally, and 27% returned to heavy 
drinking intermittently or regularly during follow-up. 
The five- and ten-year survival rates in the abstainers 
were 79 and 60%, respectively, while the five- and 
ten-year survival rates in the regular drinkers were 
60 and 36%, respectively. 

Results of liver function tests, expressed as the liver 
index, showed improvement compared to preopera- 
tively in 32% of survivors, worsening in 39%, and no 
change in 29% one year after the shunt operation. Five 
years postoperatively, liver function was improved in 
44% of the patients, worse in 22% and unchanged in 33%. 


TABLE 10. Preoperative Factors that Significantly Decreased Survival 
of 180 Unselected Cirrhotic Patients Treated 
by Emergency Portacaval Shunt 








Per Cent 
Survival p 

Ascites 

present 46 

absent 72 «0.01 
SGOT 

"7100 units 43 

— 100 units 70 «0.01 
BSP retention 

>50% 36 

<50% 66 <0.01 
Hypokalemic alkalosis 

present 42 

absent 67 «0.05 
Blood transfusion 

=S 2, 41 

SSL 70 <0.001 
Drank alcohol 

<7 days 53 

>7 days 71 sum 
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TABLE 11. Fate of Cirrhotic Patients Who Had Concurrent Ascites, 
Jaundice, Encephalopathy and Severe Muscle Wasting on 
Admission Following Emergency Portacaval Shunt 


I 


Ascites, Jaundice 


Ascites Encephalopathy, 

Alone Severe Wasting p 
ee ——— RA (à 
Number of patients 95 17 
Early survival (%) 46 47 NS 
| year survival (96) 42 18 « 0.01 
3 year survival (96) 39 I» «0.01 





Preoperative Factors That Decreased Survival 


Table 10 summarizes the preoperative findings 
obtained from the history, physical examination and 
diagnostic work-up that were associated with a statis- 
tically significant decrease in survival rate and, there- 
fore, can be considered to be risk factors. Six such 
risk factors were identified, namely, presence of ascites 
on admission, a SGOT level of 100 units or higher, BSP 
retention greater than 50% in 45 minutes, hypokalemic 
alkalosis with an arterial blood pH of 7.50 or greater 
and a serum potassium level below 3.5 mEq/L, re- 
quirement for 5L or more of blood transfusion before 
and during operation, and consumption of alcohol 
within the seven days prior to admission. As we have 
emphasized previously,? these risk factors are not 
contraindications to emergency shunt since their 
presence was associated with survival rates of 36-53%. 

In 17 patients (9% of the group), jaundice, ascites, 
encephalopathy and severe muscle wasting were 
present concurrently on admission (Table 11). All of 
these patients had a liver index greater than 3.0, and 
nine had a SGOT level above 100 units. The operative 
survival rate of these patients with the most advanced 
stage of alcoholic cirrhosis was 47%, which was not 
different from the survival rate of patients with ascites 
alone. However, one year after operation only 18% 
of these patients were still alive, and three years post- 
operatively the survival rate was only 12%. These re- 
sults provide little basis for enthusiasm, and emergency 
shunt may not be worthwhile in these end-stage 
cirrhotic patients. 

Classification of cirrhotic patients according to the 
criteria described by Child?! has many shortcomings 
because some of the criteria are subjective and im- 
precise, and their application is arbitrary and highly 
variable.? However, since Child's classification is 
used widely, survival of our patients was calculated 
according to their allocation into Child's risk groups, 
and these data are summarized in Table 12. As ex- 
pected, patients in risk group C with jaundice, ascites, 
encephalopathv, poor nutrition and a low serum 
albumin, had a significantly lower survival rate at all * 
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intervals following portacaval shunt than patients in 
groups A or B. 


Recent Results 


Figure 2 shows the cumulative survival curve of 49 
unselected, cirrhotic patients who underwent emer- 
gency shunt during the recent four-year period from 
1976 to 1979. The survival curve for the group of 180 
patients is shown for comparison. The characteristics 
of the two groups of patients are similar in all of the 
data categories that we have analyzed in our computer 
program. The early survival rate of the recently treated 
group of patients, all comers included, was 80% and the 
four-year actuarial survival rate is 69%. The early 
survival rate of unselected patients treated during the 
past three years is 85%. 


Discussion 


Under the best of circumstances, portal-systemic 
shunt is imperfect therapy. However, it is the only 
definitive measure available for treatment of a highly 
lethal disease and, therefore, its use is indicated in 
most patients with alcoholic cirrhosis who bleed from 
esophageal varices. An important question concerns 
the timing of the operation. Conventionally, the shunt 
procedure has been used as elective therapy to prevent 
recurrent hemorrhage in the small proportion of pa- 
tients who have recovered from an episode of varix 
bleeding. Conventional wisdom holds that nonopera- 
tive control of varix hemorrhage will provide the 
opportunity to treat the underlying liver disease and 
properly prepare the patient for an elective operation. 
The surgical literature contains a number of anecdotal 
references to conversion of patients from Child's risk 
class C to class B during the period of preparation. 
However, the results of our prospective studies? and 
substantial evidence obtained by others??*?5 indicate 
that over 80% of patients treated in the traditional 
manner die from a variety of causes during the period 
immediately following the bleeding, before an elective 
shunt can be undertaken. Use of portal- systemic shunt 


TABLE 12. Survival According to Child's Risk Groups Following 
Emergency Portacaval Shunt 








Per Cent 
Per Cent Long-term Survival 
Child's No. of Operative 
Group Patients Survival | Year 5 Years 
A 23 78 73 55 
B 125 60 45 38 
C 32 41* 26" I5" 
AII 180 58 46 38 





* p < 0.05 compared to both other groups. 
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Fic. 2. Cumulative survival rate of 49 unselected patients who under- 
went emergency portacaval shunt during the recent four year period 
from 1976 through 1979, compared to the cumulative survival rate of 
180 patients who were operated upon from 1963 to 1978. In the 
recently treated group, 80% of the patients have survived the 
shunt operation. 


solely or mainly for elective therapy in a relatively 
small segment of the bleeding cirrhotic population 
ignores the overriding problem of the emergency treat- 
ment of bleeding esophageal varices. The rationale for 
emergency portal-systemic shunt, as we perform it, 
is the potential for promptly and permanently stopping 
varix bleeding and, thereby, for salvaging many 
patients who would not otherwise survive the bleeding 
episode and the period of preparation for elective 
shunt. 

The overall results of this prospective study, and 
particularly the most recent results, indicate that many 
patients tolerate an emergency shunt as well.as an elec- 
tive shunt. Patients with moderate liver disease, who 
do not have ascites or an elevated SGOT level from 
alcoholic hepatitis, survive emergency shunt as 
frequently as they survive elective shunt, and avoid 
the substantial risk of rebleeding while awaiting 
elective operation. Similarly, patients with advanced 
cirrhosis and its sequelae have a high mortality rate 
with both emergency and elective operations, and an 
even higher mortality rate with nonoperative therapy. 
It is probable that a period of intensive preparation 
for elective surgery lowers the risk of operation in some 
patients, but such gains are likely to be offset by a 
substantial number of deaths during the period of delay. 

It should be recognized that all patients admitted 
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to our hospital with Alcoholic cirrhosis and bleeding 
varices underwent emergency shunt. To our knowl- 
edge, there have been no reports of a similar type of 
evaluation of either emergency or elective treatment 
in unselected patients. Furthermore, we performed 
emergency shunt within eight hours of initial contact 
with the patient. The definition of emergency shunt 
reported by other workers has varied greatly with 
regard to timing but, to our knowledge, no one has 
consistently used the operation as early as we have 
used it. For obvious reasons, therefore, it is not 
possible to compare the results of our study with those 
of other workers most of which have been retro- 
spective analyses involving highly selected patients. 
The only reasonable comparisons that can be made 
involve the three forms of emergency therapy that we 
have evaluated in an identical manner, although not 
concurrently. Despite this potential flaw, the strikingly 
greater long-term survival rate obtained with emer- 
gency shunt compared to that resulting from medical 
therapy or varix ligation, suggests that early operation 
is superior to nonoperative emergency treatment. 

One of the purposes of evaluating emergency shunt 
in unselected patients was to identify risk factors that 
adversely affected survival so that better criteria for 
selecting patients for operation could be developed. 
Six preoperative factors were found to be associated 
with a significantly lower survival rate. Of these, 
the presence of ascites and a SGOT level of 100 units 
or more appear to be the most meaningful. However, 
none of these risk factors is a contraindication to 
operation, since all of them were accompanied by a 
substantial survival rate. Surprisingly, 47% of patients 
who had ascites, jaundice, encephalopathy and severe 
muscle wasting concurrently on admission survived to 
leave the hospital after emergency shunt, although 
only 1896 of them were still alive after one year and 
only 12% survived three years. It is tempting to declare 
the concurrent presence of these four complications 
a contraindication to emergency shunt, although the 
survival of two of these patients beyond three years 
makes such a declaration uncertain. 

Encephalopathy continues to be a serious side effect 
of alcoholic liver disease and the main shortcoming 
of portal - systemic shunt. One-third of the 180 patients 
had encephalopathy prior to operation, and almost 
that proportion had encephalopathy at some time after 
the shunt. If similar populations of patients are com- 
pared, it appears that elective and emergency porta- 
caval shunts are associated with a similar frequency 
of encephalopathy. Although the 746 incidence of 
severe encephalopathy is a matter of great concern, 
the fact remains that 8196 of the survivors of emer- 
gency shunt did not require dietary protein restriction 
at any time and were capable of functioning effectively. 
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Many questions have been raised about the quality 
of life in patients with alcoholic cirrhosis who undergo 
portacaval anastomosis. It has been alleged that almost 
all of these patients resume alcoholism, fail to seek 
employment and are a continuing burden to society. 
The results of our study do not support these widely 
held notions. Approximately half of our patients ab- 
stained from alcohol continuously, and only one-fourth 
resumed heavy drinking. Two-thirds or more of the 
survivors were judged to be in excellent or good 
condition at each postoperative time interval, and 60% 
worked at some time during the follow-up period. In 
two-thirds to three-fourths of the survivors, depending 
on the time interval, liver function had improved or 
was unchanged compared to preoperatively. Contrary 
to our previous impressions, resumption of alcoholism 
did not have as strong an influence on survival as we 
had assumed was the case, since 60% of regular 
drinkers were alive five years after operation and 36% 
were living ten years postoperatively. 

There were several additional findings that confirmed 
previous conclusions. Maximum perfusion pressure 
in the portal vein did not correlate with postshunt sur- 
vival rate or incidence of encephalopathy. Bolus in- 
jection of vasopressin into a systemic vein was highly 
effective in stopping varix bleeding temporarily, and 
has replaced esophageal balloon tamponade as a means 
of obtaining initial hemostasis provided early operation 
is planned. We have not observed complications from 
this form of vasopressin therapy. Finally, the results 
of emergency portacaval shunt can be expected to 
improve with experience. The operative survival rate 
of 8096 of 49 unselected consecutive patients who were 
treated during the past four years suggest that the 
results of emergency shunt are beginning to approach 
those of elective shunt while, at the same time, the 
emergency operation has much wider applicability 
than the elective procedure. 
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DISCUSSION 


DR. WILLIAM V. McDermott, JR. (Boston, Massachusetts): 
I can recall 20 years ago when I discussed a paper that Dr. Orloff 
gave in which he was carrying unselected patients through emergency 
ligation of varices under hypothermia with about the same mortality. 
That was about the time my associates and I began a prospective 
randomized study of the management of acutely bleeding varices in 
patients divided among three groups: those undergoing conservative 
treatment upon whom we hoped we eventually would be able to 
perform an elective shunt, those having their varices treated directly, 
usually by ligation; and those undergoing emergency shunt. 

The mortality for these groups after we had performed 100 opera- 
tions was depressing, since it was almost identical in all three groups, 
indicating that in the acute problem the critical variables of this 
disease are so numerous the impact of therapy is hard to define. 

However, after looking at the results more carefully it became 
apparent that most of the patients in whom the bleeding can at least 
be temporarily controlled pharmacologically or mechanically can be 
brought successfully through what I would call an urgent rather than 
an emergency shunt with a surprisingly low mortality. 

The patients who are most distressing are these with one or more, 
usually more, of a number of critical problems— severe coagu- 
lopathy, deep coma, hepatorenal syndrome and even, as in one of 
our patients, extremely morbid obesity. With this particular group 
we have found that shunt operations carry almost a 100% im- 
mediate mortality. In an attempt to find some approach to this 
peculiarly difficult problem, we have been using a form of portal— 
azygous disconnection based on a number of discussions and com- 
«nents and other workers in this field, Tanner, Del Guercio and many 
others. The procedure is designed to achieve as simply and directly 


e as possible immediate control of the hemorrhage in as short an opera- 
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tive time as possible and as low an anesthesia exposure and metabolic 
stress situation as possible. Basically the procedure consists in an 
upper abdominal midline incision with initial cleaning of the greater 
curvature above the vasa brevia of all the gastroepiploic and 
splenic connections. 

(slide) The next step is ligating the splenic artery. Then the critical 
step is the ligation of the coronary vein and all the accessory vessels 
in that area feeding the esophagogastric junction, the confluent 
area of a massive number of tributaries trying to force their way 
through that narrow gorge into the azygos vein. 

A small gastrotomy is made on the greater and lesser curvature, 
where a TM-90 stapler is placed to staple the anterior wall. (slide) 
Then the stomach is turned up, and a similar procedure carried out 
on the posterior wall. The small gastrotomies are rapidly closed. 
(slide) The last slide shows the completed procedure, the ultimate 
objective of which, of course, is to cut off this critical esophago- 
gastric area from the high portal pressure that is the basic cause 
of the bleeding in this area. If bleeding is controlled the patient's 
problems can be more carefully defined, and a shunt may possibly 
be constructed at a time of operation. 

I have no great brief for the procedure, except that it is quick, 
itis simple, and it will control the bleeding immediately. The mortality 
for this group of patients will continue to be high. When we have 
enough experience, perhaps we will be able to review and see if this 
represents any improvement over the many approaches which have 
been made to this catastrophic problem. 


PROFESSOR PHiLIP SANDBLOM (Sweden and Switzerland): The 
subject of portal hypertension is a difficult and intriguing one be- 
cause the theoretic hypotheses proposed have so often proved 
faulty and have been corrected by empirical findings. That is the 
reason Dr. Orloff's series, one of the largest in the world and with 
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the best follow-up data has & special interest and value. It certainly 
is exciting for someone who has been working in this field for a long 
time to see the improved results later. 

One question often raised when one is confronted with a bleeding 
patient in poor condition and with advanced cirrhosis of the liver 
is whether one should attempt an operation with high risk. Is it worth 
the considerable effort of the surgeon, the cost and work of the in- 
tensive care unit, to give such a patient a short prolongation of life? 

I know Dr. Orloff's answer, and I would myself be inclined to 
say: Yes, it is worthwhile, for the following reasons. 

The first argument is an emotional and irrational one. A surgeon 
hates to see a patient exsanguinate in front of his eyes, when he 
can stop it. 

The second argument is that this field is so difficult and full of 
complications that we need all the experience and information we can 
get; for this reason even the border-line patients should be operated 
on and taken care of, because that will influence and improve the 
results of the whole study. 

Third, we see patients at their worst, just after hemorrhage with 
an intestine full of blood, thus in a state of shock and with encepha- 
lopathy. If we can arrest the bleeding, prevent new bleeding and 
return the patient alive, we are lifting him or her up to a higher level 
of life expectancy. That means giving those patients several years 
of good life, as Dr. Orloff has shown. This time is certainly valuable 
to the patient, and that is our main concern. 

May I just say a few words on encephalopathy? I was happy to 
see the low figures Dr. Orloff presented, which compare with ours. 
I think we have to distinguish between three groups with regard 
to occurrence of encephalopathy. The first consists of instances 
in which the encephalopathy appears right after the operation but 
is only temporary, then occurs about once or twice a year, usually 
after excess protein intake. The second group consists of encephalop- 
athies that start recurring several years after the shunt operation 
because of continued deterioration of the liver; these encephalop- 
athies might be unavoidable. The reason we see them at all is that 
we have kept those patients alive. With conservative methods, they 
would have been dead. 

The only type of encephalopathy of importance to our policy and 
choice of treatment is the severe. incapacitating encephalopathy 
that occurs or continues in immediate connection with the operation. 
Dr. Orloff's figure of about 7% is a realistic one. 


DR. DONALD CLARK NABSETH (Boston, Massachusetts): Dr. 
Orloff has presented a landmark study. It is important to emphasize 
that his patients suffered from alcoholic cirrhosis. 

I rise to point out a more conservative pathway in the manage- 
ment of acute variceal bleeding. That is intravenous administration 
of vasopressin and percutaneous transhepatic embolization of varices 
during the acute bleeding period. followed by elective, selective, 
distal splenorenal shunting for the long-term control of hemorrhage. 

(slide) The combination of vasopressin and embolization, together 
with restoration of clotting factors, has resulted in a 30-day control 
of hemorrhagé in 84% of 120 consecutive alcoholic cirrhotic pa- 
tients with endoscopically assessed varices in our hospital. This is 
shown in the bar on the right and represents our experience during 
the last four years. 

This'is contrasted with the use of vasopressin alone in the four- 
year period immediately before this in which 30-day control of 
hemorrhage was 57%. The value of embolization is apparent. This 
combination has provided valuable time for general improvement 
of patients before distal splenorenal shunt. 

(slide) During the 30-day period following the onset of hemor- 
rhage in this group of patients, 20% of the patients died of terminal 
liver failure. Sixteen per cent died of recurrent, uncontrolled hemor- 
‘rhage, and 64% lived. 

For the 25 patients receiving selective shunts during this period, 
the incidence of protein-related encephalopathy was 12%, and the 
actuarial survival rate was 66% at five years, shown in the upper 
line. The lower curve shows the actuarial survival rate of the entire 
group of 120 patients, and I believe this curve is similar to Dr. Orloff's 
five-year survival curve, reflecting the seriousness of the disease. 
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If acute variceal hemorrhage can be controlled by nonsurgical 
means, including embolization, and if recurrent bleeding can be 
prevented by selective shunting, encephalopathy will be minimal and 
salvage will be maximal in this difficult group of patients. 


DR. ROBERT E. HERMANN (Cleveland, Ohio): Dr. Orloff's investi- 
gation of and enthusiasm for emergency portacaval shunts in un- 
selected patients during the past 17 years has been of great interest 
to all who treat patients with portal hypertension. 

My own experience and interest in this problem of patients bleed- 
ing from esophageal and gastric varices during the past 20 years 
has led me to an opposite opinion. I believe a larger number of 
patients will be better cared for if surgeons avoid operating for 
cirrhosis of the liver and bleeding varices in the emergency situation. 

Dr. Orloff's earlier reported results of a 50% operative mortality 
and his latest results of a 40% operative mortality have reinforced 
my opinion that nonoperative control of bleeding varices is safer 
and more effective for most patients. 

(slide) In 1970, we reported our results with nonoperative con- 
trol of bleeding varices with the Sengstaken-Blakemore tube in 75 
patients. Bleeding was controlled in 8346 of patients, with a hospital 
mortality of 28%. In recent years, with the addition of intravenous 
vasopressin infusion, control of bleeding has been further improved 
to about 90% of patients. Hospital mortality, in our experience, 
relates almost completely to the degree of liver failure, or, con- 
versely, to the extent of hepatic reserve, as shown by liver function 
studies. 

(slide) Elective portacaval shunts were subsequently performed 
on selected patients with adequate liver function, with an overall 
operative mortality of 11%, and a five-year survival rate of 57%. 
Hemorrhage from varices and the operative procedure are the two 
most significant risk periods for patients with portal hypertension. 
I believe these two risks should be separated, not combined. It is 
our experience that control of bleeding varices by nonoperative 
means will be successful in most patients. 

For 10-15% of patients who do not stop bleeding, we are presently 
using transgastric ligation of the varices with interruption of the 
esophageal varices with the EEA stapling device. 

I believe a comparison of these two methods of management — 
emergency shunts on all unselected patients versus nonoperative 
control of bleeding and subsequent elective shunt operations on 
selected patients— will show the latter method of management pro- 
vides more patients the opportunity for long-term survival. 


DR. ARTHUR B. VOORHEES (New York, New York): We all ap- 
proach this problem from a bias that is probably based on the disease 
population we serve. I wish to introduce, perhaps, one more risk 
factor that Dr. Orloff might take under consideration. 

Dr. Orloff's clinical analysis of his consecutive and unselected 
series is of interest. From our experience the risk factors in- 
fluencing the early control of variceal bleeding coincide with his 
placement of acute and chronic alcoholism high on the list of factors 
altering the ultimate outcome of both acute and long-term results 
of his therapy. 

To this, in addition to his ascites, SGOT and BSP retention risk 
factors, I would like to add one additional factor that has become 
important in our own early assessment of patients. 

Recently, we undertook a clinical study of acute upper gastro- 
intestinal bleeding in patients admitted to a municipal hospital serving 
a particularly underprivileged socioeconomic group. Within an 18- 
month period we examined in a specialized unit 262 consecutive 
unselected patients entering the study. Of these, 116 patients entered 
with overt evidence of liver disease secondary to alcoholism. Of 
these, approximately one-half, or 48, were bleeding from varices 
at the time of admission. 

If the varices were large, so-called Dagradi's Grade 4 or 5, and 
showed no active clotting at the site of bleeding, the immediate 
mortality of this particular group of patients, was 74%, irrespective 
of what type of therapy we instituted. 

If the varices were small, Dagradi’s Grade 3 or less, and clotting 
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was present, the immediate mortality rate was in the neighborhood 
of 10% or less as the results of supportive therapy alone. 

The assessment of any emergent form of therapy should take into 
account this observation and judge the results accordingly. If 
Dr. Orloff were armed with this additional information, would he 
extend the emergency portacaval shunt to both groups? 


DR. M. DAviD TILSON (New Haven, Connecticut): Dr. Orloff, 
the merit of your decision to stick with one method of management 
over this 15-year period seems clear, certainly, insofar as you are 
now able to provide an authoritative long-term perspective on the 
emergency portacaval shunt. 

We have been involved with an alternative approach, namely, a 
prospective, randomized trial of portal systemic shunts versus distal 
splenorenal shunts, about which I would like to report briefly. 

This trial was organized in 1975 by principal investigators Harold 
Conn in West Haven and Robert Resnick in Boston. 

(slide) Stabilized patients who had bled from esophageal varices 
meeting these criteria were asked to consent for randomization. 
(slide) At the time this slide was made, 37 patients, almost all al- 
coholic, with similar risk factor profiles, had been randomized be- 
tween portal systemic shunt versus distal splenorenal shunt. 

(slide) This slide shows the cumulative survival rates of all ran- 
domized patients at four years, and it indicates that we have not 
found statistically significant differences. 

(slide) Finally, this last slide shows that we have also not found 
significant differences in late portal systemic encephalopathy. 

We hope that this alternative approach of a randomized trial will 
also shed light on the controversial issue involved, especially as a 
larger number of patients are entered in the study in the future. 


DR. GARDNER W. SMITH (Baltimore, Maryland): One of the prob- 
lems in assessing the results of all kinds of approaches to the treat- 
ment of bleeding esophageal varices has been the different types 
of patients who present with this problem. This has been alluded to 
by several other discussants. Accordingly, I think categorization 
has been important, and, indeed, perhaps the lack of categorization 
was one of the problems with the controlled trials of therapeutic 
shunts. 

With that in mind, I would like to ask Dr. Orloff, first of all, is 
he really sure that all 180 of those patients did have alcoholic 
cirrhosis? 

In view of the significance of a recent intake of alcohol, how 
many of the patients had acute alcoholic hepatitis? 

(slide) At one time my associates and I were interested in the 
hemodynamic aspects of predicting survival, and we did discover 
in this group of patients that, in fact, whether the patient had good 
portal blood flow or normal portal blood flow, whether it was com- 
promised or whether it was severely curtailed, had no bearing on 
either operative mortality or on three- or five-year survival rates. 

However, when we took this same group of patients and cate- 
gorized them according to Dr. Child's clinical risk criteria, which 
are shown on the next slide (slide), it turned out, as has been recog- 
nized for a long time, that one could predict operative risk on the 
basis of these clinical risk criteria. It is even more important that 
we were able to predict three- and five-year survival rates, based on 
this kind of relatively simple information as opposed to the complex 
hemodynamic data. 

With this in mind, I would like also to ask Dr. Orloff if he did 
categorize his patients according to Dr. Child's criteria. If so, did 
that have any bearing either on operative mortality or on long-term 
survival rate? 


DR. KENNETH G. SWAN (Newark, New Jersey): I compliment 
Dr. Orloff on the tenacity with which he has continued in this 
field, which many surgeons consider to be, literally, a dying one. 

I remind the Association that the Center for Health Statistics 
reported in 1976 that cirrhosis of the liver was the eighth leading 
cause of death in the United States. As of 1978 that figure had 
increased to equate hepatic cirrhosis to be the sixth leading cause of 
* death in the United States. We do not have the figures for 1980, 
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but as we know from reading the newspapers, the youth of America 
is switching from marijuana to alcohol. This threat to survival should 
increase further in the years to come. As Snyder from Yale has 
emphasized, death of cirrhosis is usually caused by hemorrhage. 

Dr. Orloff, your risk factors included only one of the original five 
in Child's classification, ascites. You eliminated the other four 
categories — serum bilirubin level, serum albumin level, muscle 
wasting and encephalopathy— as important, yet in your summary 
you said that if a patient was jaundiced and had ascites or encepha- 
lopathy and severe muscle wasting, you probably would not offer a 
shunt operation. Should we abandon Child's classification? 

My second question, which Dr. Smith alluded to, regards biopsy of 
the liver and the presence or absence of alcoholic hepatitis. You 
said you performed biopsies on every liver. What was the incidence 
of alcoholic hepatitis, and how did the presence of alcoholic 
hepatitis influence the outcome of the operations? 


DR. MARSHALL J. ORLOFF (Closing discussion): Dr. McDermott 
raised the possibility of performing a modified Tanner-type operation 
as an emergency procedure, using a stapling device, on severely 
alcoholic cirrhotic patients whose condition is preterminal. As we 
found with transesophageal varix ligation, the operation that is being 
proposed by McDermott is as large an operation as the emergency 
portacaval shunt. Transesophageal varix ligation is usually a three 
and one-half to four hour operation, and it seems from looking at 
McDermott' s proposed operation that it really is a sizable operation. 
Moreover, experience with the Tanner-type transection procedures, 
which now is quite extensive, has been that a substantial number 
of patients rebleed. I am not optimistic about the efficacy of the 
procedure although I have had no experience with it myself. The 
proposed operation is not a definitive treatment. It must be followed 
sometime later by an elective portal systemic shunt if recurrence 
of varix hemorrhage is to be prevented. Therefore, the patient faces 
the combined mortality risk of two major operations. 

Professor Sandblom made some interesting comments about 
whether we should operate on patients with far-advanced disease. 
There is a problem with the definition of far-advanced liver disease. 
We can all talk about far-advanced disease and be talking about 
different things. We have examined in detail the question of the 
prognosis of far-advanced liver disease. i 

(slide) The patient who presents with preterminal disease, con- 
sisting of concurrent jaundice, ascites, encephalopathy and severe 
muscle-wasting, is the most severe alcoholic cirrhotic who exists. 
That kind of patient made up 9% of our group. 

It is interesting that the operative survival rate for that group of 
patients was no different from the survival rate of the patients with 
ascites alone; 47% versus 46% left the hospital alive. The fall-off rate 
after patients left the hospital was very high, so that after one year 
only 18% of the patients were alive; at three years only two of 17 
patients or 12% were alive. 

I do not know whether or not we should be operating on patients 
such as these. If there were not two patients living after three years, 
I would say without equivocation that we should not be operating 
on them. 


Dr. Nabseth reported his experience with intravenously adminis- 
tered vasopressin which, of course, is extremely effective as a 
temporary measure for controlling the bleeding. I would point out, 
however, that all patients will rebleed, usually within a matter of 
hours, after receiving vasopressin. For this reason he combined 
intravenous vasopressin with percutaneous angiographic emboliza- 
tion; he reported that 64% of 120 patients who were treated with 
this approach lived 30 days or more. 

He then went on to say that such patients could electively 
undergo selective distal splenorenal shunt. The interesting thing 
about Dr. Nabseth's statistics is not only that the initial mortality 
was high but also that only 25 of the group of 120 patients made it to 
elective distal splenorenal shunt. This is exactly the point we have 
been trying to make: that all of the stopgap measures result in a 
small percentage of patients ultimately making it to an elective 
operation, not much more than 25%. Only 21% of Dr. Nabseth's 
patients made it to elective operation. 
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Dr. Hermann said essentfally the same thing as Nabseth, that 
is, a conventional approach using nonoperative emergency control 
was better than emergency shunt. Again, as I read his statistics, 
I cannot understand how he can draw this conclusion, even in the 
population that he sees at the Cleveland Clinic, which I am sure is 
different from ours. The impression I had from Dr. Hermann's 
statistics was that the number of patients who were initially con- 
trolled was only 41%, and that the number who made it to elective 
shunt was small, which is exactly the point we have been trying 
to make and the one he has missed. Currently 85% of our patients 
treated by emergency shunt are leaving the hospital alive. 

Dr. Voorhees described a new risk factor, upon which I really 
cannot comment, namely, large varices with bleeding that does not 
form clot. He asked if we would operate on such a patient if we found 
large varices and failure of the blood to clot. Dr. Voorhees has 
made an interesting observation. Before making a decision as to 
whether or not to operate on such a patient, I would want to confirm 
his observation in our unselected group of patients, something that 
he has certainly stimulated me to do. 

Dr. Smith asked in how many patients were we sure that al- 
coholic cirrhosis was present. This leads me to comment on the 
diagnosis of alcoholic cirrhosis. The pathologist often cannot make 
the diagnosis of alcoholic cirrhosis. He can say that the patient has 
cirrhosis and how severe it is, and that it is micronodular, but he 
cannot say what the cause is. Our diagnosis of alcoholic cirrhosis 
is based on a strong history of alcoholism plus a demonstration of 
micronodular cirrhosis on biopsy. We can be confident, using those 
criteria, that 96% of our patients had alcoholic cirrhosis. 

As far as the incidence of alcoholic hepatitis is concerned, again 
I cannot answer that question. We are now in the process of studying 
liver biopsies obtained during a period of 17 years, since we not only 
perform a biopsy at the time of operation, but also we have the patient 
come back yearly for a needle biopsy, in the hope that we will be 
able to make some sense out of the histologic findings. Our study 
of the liver biopsies has the potential of being very important, and 
| hope some time in the future the Association will allow me to 
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present the results. Our preliminary results indicate that a SGOT 
level of 100 units or more correlates with the histologic finding of 
acute alcoholic hepatitis. 

Dr. Smith also asked about the Child's risk groups. I do not believe 
Gardner Child ever meant to use his classification as a predictor 
of survival. He used it as a means of analysis. It is an imprecise, 
arbitrary and subjective classification. It has some factors that have 
absolutely nothing to do with outcome, such as the level of serum 
albumin, which we have studied in a large number of patients. Fur- 
thermore, I would ask everyone here who uses Child's classification 
how he or she decides whether a patient is a B or a C or an A risk. 
For instance, in a given patient if three of the five factors are in class 
A.one is in B, and two are in C, what is the classification that patient 
receives, A, B, or C? I have not heard them called B; or B, or Ca. In 
fact, each individual makes the arbitrary decision of putting patients 
in one category or another, which is subjective and imprecise. 

With those disclaimers about the imprecision of the Child's 
classification, this slide shows our data, and they are exactly as one 
would predict. The patients who were arbitrarily classified as having 
class C disease, of course, had the poorest survival rate, and that 
is what most investigators have found. 

Finally, I thank Dr. Swan for commenting on the seriousness of 
the overall problem of alcoholism. It is important to keep this in per- 
spective. The subject of portal hypertension will be on the program of 
the association ten years from now and will be on this program after 
Dean Warren has retired 20 years from now, because alcoholism is 
increasing at an alarming rate in this country. Dr. Swan stated that 
cirrhosis is the sixth leading cause of death in the United States. When I 
started working in this field, it was the 16th leading cause of death. Fur- 
thermore, it will rise even higher; that is true in Western Europe as well, 
and it is now becoming true in England. For years the British reported 
mainly idiopathic portal hypertension, idiopathic liver disease, and a 
low incidence of alcohol cirrhosis, but I would predict that ten years 
from now there will be reports from the United Kingdom showing 
a high incidence of alcoholic cirrhosis. 
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Controversy exists concerning the proper therapy for bleeding 
gastroesophageal varices secondary to noncirrhotic portal vein 
thrombosis. Disparity of opinion exists regarding the signifi- 
cance of hepatic portal blood flow and the consequences of 
total portal-systemic shunts in this condition. One patient is 
presented who developed severe, crippling encephalopathy 20 
years after a central splenorenal shunt. This was associated 
with loss of portal flow to the liver and marked nitrogen in- 
tolerance. Closure of the shunt resulted in restoration of 
hepatic portal flow via collateral veins (HPI 0.36), clearance 
of encephalopathy and return to near normal protein tolerance. 
An additional patient was studied with hyperammonemia 
and early suggestive signs of encephalopathy eight years fol- 
lowing a mesocaval shunt. Four patients were evaluated 
before and after selective distal splenorenal shunts. All had 
*cavernous transformation" of the portal vein with angio- 
graphic evidence of portal flow to the liver. Postoperative 
angiograms revealed continued hepatic portal perfusion and a 
patent shunt in each patient. Radionuclide imaging postopera- 
tively gave an estimated portal fraction of total hepatic blood 
flow (HPI) of .39 and .60 in two of the four patients. We con- 
clude that 1) there is significant hepatic portal perfusion in 
noncirrhotic portal vein thrombosis (cavernous transforma- 
tion), 2) loss of this hepatic portal flow following total shunts 
can lead to severe encephalopathy, 3) the selective distal 
splenorenal shunt maintains hepatic portal perfusion and is 
the procedure of choice when there is a patent splenic vein 
and surgical intervention is indicated. 


T 1973, VOORHEES AND ASSOCIATES? first empha- 
sized the mental changes which followed portal- 
systemic shunting in children with a thrombosed portal 
vein and a normal liver. Also studied for comparison 
were eight children with cirrhosis. Although the 
portal-systemic encephalopathy in children with 
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cirrhosis was not unexpected, the detection of overt 
abnormalities following the shunt in those with normal 
livers was quite surprising. However, Grauer and 
Schwartz? came to strikingly different conclusions in 
reviewing their experience with 19 patients with extra- 
hepatic portal block. They found no evidence of 
encephalopathy despite postoperative observation 
for as long as 16 years. Both groups recommended 
the use of conventional (total) shunts, feeling there was 
insignificant portal flow to the liver around a throm- 
bosed portal vein, thus precluding the use of the selec- 
tive distal splenorenal shunt. 

Fonkalsrud, et al. raised additional questions con- 
cerning surgery in these patients.” They pointed out 
that the mortality from bleeding varices was so low in 
children with normal livers, that one, or even two, 
bleeding episodes might not be a clear indication for 
surgical intervention. Secondly, they emphasized the 
paramount importance of a low operative mortality 
and morbidity and the need for a procedure which is 
effective in preventing recurrent bleeding. In this study 
of noncirrhotic portal vein thrombosis we have at- 
tempted to answer these questions: 1) Is there signifi- 
cant portal flow to the liver through hepatopetal col- 
laterals (cavernous transformation)? 2) If such portal 
flow is present, does its loss lead to CNS symptoms? 
3) Does a selective distal splenorenal shunt preserve 
portal flow to the liver? 4) Is a selective distal spleno- 
renal shunt an effective deterrent to variceal bleeding? - 


Patient Studies 


The study population was six patients with portal 
vein thrombosis and gastroesophageal varices. The 
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Fic. 1. (Top) Total hepatic perfusion equals hepatic arterial perfusion 
plus portal venous perfusion. Hepatic artery component represented 
by area beneath curve to left of line drawn from midpoint of peak of 
renal perfusion curve. Portal venous perfusion represented by area to 
right of line drawn from midpoint of peak of renal perfusion curve. 
(Bottom) Total shunt eliminates portal perfusion. Area beneath 
hepatic perfusion curve represents hepatic arterial component 
without significant portal component. 


details of these patients are given in the case histories 
below. 

All patients had a conventional clinical and bio- 
chemical liver data base. Fasting venous plasma 
ammonia was by the method of Gerron et al..? the 
normal level being 20—40 jg/dl. Portal venous per- 
fusion of the liver was graded angiographically on 
the venous phase of the superior mesenteric artery 
injection.'^ Objective evaluation of the ratio of portal 
venous flow to total hepatic flow was made by radio- 
nuclide angiography in some patients, as hepatic per- 
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fusion index, (HPI, normal 0.60-0.75.) (Fig. 1).! 
Evaluation of encephalopathy was clinical, and in 
some patients by multiple psychometric tests.!? Liver 
biopsy was taken from each patient at the time of sur- 
gery and examined for hepatitis, cirrhosis, fatty change 
and atrophy. 


Long Standing Encephalopathy Cleared by Closure 
of a Total Shunt. 


Patient 1. This 43-year-old woman presented for evaluation of 
recurrent encephalopathy. At age 21, she was diagnosed as having 
portal vein thrombosis and underwent splenectomy and central 
splenorenal shunt for bleeding varices. Eleven years later she began 
to have alteration in mental status; initial mild disorientation and 
forgetfulness progressed to severe portal-systemic encephalop- 
athy over the subsequent ten years (21 years postshunt). Protein 
intolerance was manifest vividly by confusion and somnolence 
after a 10 g protein meal. On biochemical evaluation there was 
persistent elevation in fasting venous plasma ammonia (140 g/dl); 
postprandial ammonia values approached 500 ug/'dl. Generalized 
slowing on the electroencephalogram was compatible with metabolic 
encephalopathy. Liver biopsy showed fatty change, without inflam- 
matory infiltrate or fibrosis. Serum bilirubin was 1.7 mg/dl, SGOT 
80 ug/ml and alkaline phosphatase 150 ug/ml. Radiologic study 
showed a patent central splenorenal shunt (Fig. 2), and reversal 
of portal venous flow (hepatofugal flow) on the wedged hepatic 
vein injection (Fig. 3). 

On July 10, 1979, the splenorenal anastomosis was ligated. 
Portal vein pressure prior to ligation was 9 mmHg, rising to 18 mmHg 
with the shunt closure. 

Her postoperative course was complicated by a drug withdrawal 





Fic. 2. Patient 1. Patent central splenorenal shunt no portal venous 
perfusion (superior mesenteric arteriography, venous phase). 
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response which lasted eight days. Rapid improvement then fol- 
lowed and there have been no further episodes of clinical en- 
cephalopathy on a 100 g protein diet. Fasting venous plasma am- 
monia fell to 50 ug/dl. The EEG improved, but continues to show 
some diffuse slowing. Bilirubin was 1.1 mg/dl, SGOT 53 g/ml, 
and alkaline phosphatase 130 ug/ml. Six months following closure 
of the shunt, angiography showed restoration of prograde portal 
venous perfusion of the liver (Fig. 4). Radionuclide angiography 
gave a perfusion index of 0.36 (Fig. 10). 


Interim Response to Total Shunt 


Patient 2. This 64-year-old woman has a long complex history 
of portal hypertension secondary to portal vein thrombosis. At 
age 15, splenectomy was performed, and 20 years later gastric 
devascularization was carried out for recurrent variceal bleeding. 
Over the next 20 years she had numerous episodes of variceal 
bleeding requiring multiple blood transfusions. At age 56 years (40 
years after the initial episode) she still had angiographic evidence 
of hepatic portal perfusion. She had no clinical stigmata of liver 
disease, and her liver tests showed bilirubin 0.3 mg/dl, SGOT 
20 pg/ml, alkaline phosphatase 43 ug/ml, and albumin 3.0 g/dl. 
A side-to-end mesocaval shunt was performed on September 8, 1971. 

Eight years following portal decompression she has biochemical 
evidence of mild changes in hepatic function; bilirubin 2.3 mg/dl, 
SGOT 46 ug/ml, alkaline phosphatase 43 ug/ml and fasting venous 
plasma ammonia 75 yg/dl. Electroencephalogram remains normal. 
Eight of 14 tests on psychometric evaluation show minimal impair- 
ment. Superior mesenteric artery angiography shows a patent shunt 
and loss of portal perfusion to the liver. Hepatic perfusion index is 
0.14, within the range of error from zero flow. 
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FiG. 3. Patient 1. Preoperative hepatic wedge venogram showing 
parenchymal blush and retrograde (hepatofugal) filling of portal vein 
* radical. 
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FiG. 4. Postligation central splenorenal shunt: restitution of portal 
perfusion of the liver. 


With an elevated plasma ammonia, and mild changes in psycho- 
metric testing and conventional hepatic tests, the patient appears 
to have the early changes which lead to encephalopathy.” 


Selective Distal Splenorenal Shunt in Portal’ Vein 
Thrombosis 


Patient 3. A 16-year-old boy with portal vein thrombosis during 
the neonatal period subsequently developed splenomegaly, hyper- 
splenism, and esophageal varices. Evaluation showed bilirubin 
2.25 mg/dl, SGOT pg/ml, alkaline phosphatase 84 ug/ml, hemoglobin 
15.6 g, white cell count 4,000/cu mm and platelets 67,000/cu mm. 
Liver biopsy was normal. Angiography confirmed portal vein 
thrombosis with continuing perfusion of the liver through col- 
laterals (Fig. 5). Operative management was by distal splenorenal 
shunt on June 24, 1977. Postoperatively there was clinical reduction 
in splenic size, and hematological indices two years later were: 
hemoglobin 17 g/dl, white cell count 7,400/cu mm and platelets 
140,000/cu mm. Angiography confirmed shunt patency (Fig. 6) and 
continuing hepatopetal flow (Fig. 7). Two years later radionuclide 
angiography showed a normal hepatic perfusion index of 0.62 
(Fig. 8). 

Patient 4. A 17-year-old girl was referred for recurrent variceal 
bleeding after occlusion of a side-to-end superior mesenteric- 
caval shunt performed at age 7. Liver tests and biopsy were normal. 
Visceral angiography and splenoportography showed portal vein 
occlusion with collateral veins (cavernous transformation) con- 
tinuing to perfuse the liver. Operative management was by distal ° 
splenorenal shunt on September 26, 1977. Her postoperative course 
was uncomplicated and angiography confirmed shunt patency and 
showed continuing portal venous perfusion of her liver (Fig. 9a). 

Patient 5. An 18-year-old boy presented with a history of six 
upper gastrointestinal bleeding episodes over ten years. The precise 
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FiG. 5. Patient 3. Preoperative x-ray showing cavernous trans- FiG. 7. Patient 3. Postoperative x-ray showing that portal perfusion of 
formation with hepatopedal portal perfusion of the liver. the liver appears to be enhanced. 


bleeding site was not localized for all episodes, but on the last 
occasion was shown by endoscopy to be from varices. Biochemical 
liver tests were normal and liver biopsy showed no evidence of acute 
or chronic disease. Portal vein occlusion was shown by angiography 
with good collateral venous perfusion of the liver. A distal spleno- 
renal shunt was performed on October 26, 1977. Gastric bleeding 
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FiG. 6. Patient 3. Postoperative x-ray showing widely patent distal Fic. 8. Patient 3. HPI (0.62) after distal splenorenal shunt (DSRS) 
splenorenal shunt. documenting near normal portal venous perfusion. 
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FiG. 9a. Patient 4. Postoperative x-ray showing distal splenorenal 
shunt. There is clear demonstration of portal perfusion of the liver. 


led to early postoperative angiography which showed good flow 
to the liver (Fig. 9b), and a patent shunt with a slight kink. This was 
corrected and the shunt functioned well thereafter; recovery was 
then uneventful. 

Patient 6. A 12-year-old female had variceal bleeding documented 
by endoscopy. She had been jaundiced at 6 weeks of age; had 
increasing splenomegaly from one year, with hypersplenism from 
three years. Bilirubin was 1.24 mg/dl, SGOT 37 ug/ml, alkaline 
phosphatase 210 ug/ml and albumin 4.5 g/dl. Liver biopsy showed 
normal architecture. Venous phase superior mesenteric angiography 
and splenoportography showed portal vein thrombosis, and hepatic 
portal perfusion through collaterals. Management was by selective 
splenocaval shunt on November 9, 1978. Her postoperative course 
was complicated by bleeding from "'gastritis." Angiography re- 
vealed a patent shunt, and the bleeding was managed conserva- 
tively. Continuing portal perfusion was shown by angiography 
(Fig. 9c), and radionuclide study one year later showed an hepatic 
perfusion index of 0.39. 


Results of Clinical Studies 
Total Shunts 


Portal perfusion of the liver postshunt. Neither 
patient with a total shunt, one conventional spleno- 
renal and one mesocaval, showed any angiographic 
evidence of postshunt hepatic portal perfusion. Each 
patient had radionuclide studies which showed minimal 
hepatic flow levels, compatible with the margin of error 
of the test. 
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Fic. 9b. Patient 5. Postoperative x-ray showing distal splenorenal 
shunt. There is clear demonstration of portal perfusion of the liver. 
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FiG. 9c. Patient 6. Postoperative x-ray showing distal splenorenal 
shunt. There is clear demonstration of portal perfusion of the liver. 
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FıG. 10. (Top) HPI before ligation of central splenorenal shunt 
showing no portal perfusion. (Bottom) HPI after ligation of central 
splenorenal shunt showing restitution of portal perfusion. 


Restitution of hepatic portal perfusion: effect on 
encephalopathy. Patient 1 had severe, crippling 
encephalopathy. At the time of shunt closure, she was 
having episodes of stupor several times a month while 
on neomycin and a 10—20 g protein diet. She could not 
cook meals or drive a car. There was a slight tremor of 
the hands; memory was markedly impaired. She was 
not allowed to leave the house alone and at home 
required a constant companion. Her EEG was markedly 
abnormal. Fasting blood ammonia was 139 ug/dl and 
496 ug/dl postprandially. 

Following the closure of the shunt, the patient suffered 
severe headaches, myalgia and hallucinations for 
'several days. The early postoperative response was 
` remarkably like that seen with sudden withdrawal of 
drugs in dependent persons. Her fasting ammonia at 
this time was 50 ug/dl. 

By the eighth postoperative day she was improving 
rapidly. She resumed normal activities and steadily 
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increased her protein intake. Six weeks following 
surgery she was eating 80 g of protein without laxatives 
or neomycin. She returned five months later for further 
study. She had regained the ability to function nor- 
mally in her domestic and social affairs. She goes out 
alone, drives a car and is clinically free of encephalopathy 
on a 100 g protein diet. Fasting ammonia is just above 
normal limits, 50-55 ug/dl. Her EEG has improved 
markedly but remains minimally abnormal. Angiography 
shows excellent portal perfusion of the liver via cavernous 
transformation. The hepatic perfusion index is 0.36 
(Fig. 10). 

This is the first time, to our knowledge, that a severely 
encephalopathic person with a thrombosed portal vein, 
normal liver and a total shunt, has had hepatic portal 
flow reconstituted. It resulted in prompt and dramatic 
clearance of the encephalopathy. 


Selective Shunts 


Portal perfusion of the liver preoperatively. Pre- 
operative superior mesenteric angiography clearly 
showed perfusion of the intrahepatic portal veins in all 
preoperative patients. This is also well shown in the 
paper by Grauer and Schwartz.* Quantitation of this 
flow was not available at Emory, prior to the shunts, 
but in two recent patients not requiring operation 
(no bleeding) the portal fraction has been as high as 
6076 (HPI .60). Thus, angiographic and isotopic flow 
studies have shown a significant portal venous com- 
ponent to total hepatic blood flow in the patient with a 
normal liver and a thrombosed portal vein. 

Portal perfusion of the liver postshunt. Of great 
significance were the postoperative studies in the 
patients having selective shunts. All four had un- 
equivocal angiographic evidence of maintanence or 
actual improvement in the portal perfusion of the 
liver. This was verified by radionuclide testing in two 
patients (Nos. 3 and 6) showing hepatic perfusion 
indices of .62 and .39. 

Shunt patency and control of bleeding . All four distal 
splenorenal shunts were shown to be patent at post- 
operative angiography. However, Patient No. 5 de- 
veloped early postoperative bleeding and the vein was 
shown to be kinked. At reoperation, a single large 
collateral was divided and the vein assumed normal 
position with restoration of normal splenic venous 
flow. The gastric bleeding rapidly subsided. None of 
the patients has had bleeding beyond the early post- 
operative period and all patients are living and well. 


Discussion 


The treatment of the complications of portal hyper- 
tension secondary to portal vein thrombosis in non- . 
cirrhotic patients has remained controversial. Some of 
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the reasons for the confusion are as follows. First, 
patients with essentially normal livers tolerate hemor- 
rhage well. Unlike the cirrhotic, few of the patients 
die of bleeding; thus the decision to do surgery is not 
clear cut. Secondly, it is not uncommon for bleeding to 
recur following surgery. (non-selective shunts) due to 
an occluded shunt or an unsuccessful ablative pro- 
cedure. The so-called make-shift shunt, as well as the 
central splenorenal shunt (with splenectomy), have 
been notoriously lacking in long-term shunt patency.? 

An important third factor is the morbidity and 
mortality of the operative procedures. It has been 
estimated that around 1046 of the unoperated patients 
will succumb to the complications of their disease.” 
Obviously, surgical procedures must have a very low 
operative mortality and carry a morbidity less than 
that imposed by recurrent bleeding in the unoperated 
patient. 

When Voorhees’ presented his important paper 
warning of the severe morbidity secondary to portal 
decompressive procedures, he was asked, in the dis- 
cussion, if consideration had been given to the use of 
a selective shunt to preserve portal flow to the liver. 
He replied in the negative, stating that they had assumed 
there would be no flow past an occluded portal vein. 
Schwartz? echoed a similar feeling that any flow would 
be inconsequential, due to the tiny caliber of hepatopetal 
collateral veins. It is of great interest that Pavlov® 
recognized the importance of unnamed hepatopetal 
portal collaterals in his classic paper in 1893. In his 
discussion of the Eck fistula animal, he clearly points 
out the critical factors. First, animals who did well after 
the operation had regained portal flow to the liver. 
Second, this flow was delivered by a collateral venous 
network of previously undescribed veins. Third, the 
development of such collaterals occurred only in those 
instances in which the anastomosis was closed, or 
almost so, and, finally, the flow to the liver must have 
developed secondary to the high pressure in the ob- 
structed portal vein. These remarkable demonstrations 
and conclusions apply directly to the problem of the 
thrombosed portal vein in man. 

The question of the desirability and effectiveness 
of hepatic portal perfusion and maintenance of portal 
venous hypertension has been controversial for a long 
time. Although we had shown clearance of encephalop- 
athy following closure of shunts in the cirrhotic, the 
physiologic differences are so marked as to preclude 
transference of such data to patients with portal vein 
thrombosis and a normal liver. Fortunately, Patient 1 
presented an ideal opportunity to attempt treatment 
of her profound disorder and study the underlying 
pathophysiology. The result was so dramatic it bears 
. repeating. As shown in (Figs. 2—4, 10), closure of the 
total shunt resulted in restitution of portal flow to the 
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liver and portal venous hypertension. Within a few 
weeks the patient had progressed from severe encepha- 
lopathy on a 10—20 g protein diet (plus oral neomycin) 
to a vigorous nonencephalopathic person eating a 
normal 100 g protein diet without catharsis or anti- 
biotic therapy. She has resumed normal activity after 
several years of increasing invalidism. 

Strong support for this concept has come recently 
from the Institute for Post-Graduate Medical Education 
and Research in Calcutta. Guhuray, Basu, et al.? have 
presented important data regarding hepatic blood flow 
and encephalopathy. Although patients were not 
randomized, they compared matched conventional 
(total) shunts with selective splenocaval shunt. No 
loss of hepatic blood flow and no encephalopathy 
were found in the selective shunt group. On the con- 
trary, there was significant fall in hepatic blood flow 
and some encephalopathy in the total shunt group. 
The decrease in hepatic blood flow was greatest in 
the encephalopathic patients. In addition, Maksoud, 
et al.? in Sao Paulo have used the selective shunt in 
noncirrhotic children with good early results. 

The classic shunts (portacaval, mesocaval and central 
splenorenal) control variceal bleeding by greatly 
reducing the portal pressure and shunting the portal 
flow away from the varices. Unfortunately, this physio- 
logic change also shunts portal flow away from the 
liver and increases the absorption of ammonia and 
other substances from the G.I. tract.! The physio- 
logic superiority of the selective shunt is that it main- 
tains hypertension in the main portal venous bed: This 
insures continuing perfusion of the liver via the portal 
venous collaterals, and further inhibits the develop- 
ment of encephalopathy, at least in part, by its effects 
on intestinal absorption.*:? 

Another feature favoring selective distal splenorenal 
shunt is the excellent record of shunt patency reported 
from several centers. In some patients the only normal 
vein is the splenic; if the spleen is removed to do a 
central splenorenal shunt, the source of flow through 
the shunt is lost or greatly reduced, thus insuring a 
high failure rate.? In addition to a high patency rate, the 
efficacy of the distal splenorenal shunt in controlling 
variceal hemorrhage has been demonstrated in tlie cir- 
rhotic and is not seriously questioned. !° 

A pertinent question concerns the long-term stability 
of this high portal pressure-liver perfusion system 
of the selective distal splenorenal shunt. In the cirrhotic, 
we have found a progressive "leak" to the low pressure 
splenic system over the years. We believe this is due to’ 
advancing liver disease and/or increasing collateral- 
ization, with the factors varying from patient to patient. 
We believe this will be less of a problem in portal 
vein thrombosis, because the liver remains a low pres- 
sure reservoir. This concept is exemplified by Patient 
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2. in whom there was collateral portal perfusion of the 
liver 40 years after the portal vein thrombosis. Addi- 
tional supporting data come from studies of the trans- 
position of splanchnic organs to the liver as a means 
of developing hepatopetal collaterals in patients with 
portal vein thrombosis. Halvorsen' has recently reviewed 
this data showing that hepatopetal collateral vessels 
can develop and be maintained for prolonged periods. 
Finally, closure of undesirable collaterals, which 
siphon blood away from the liver, is being performed 
by nonoperative means in the cirrhotic.'* Similar 
techniques should be possible for the noncirrhotic, 
although the transhepatic route would not seem to be 
appropriate. 
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shunts, the classic approach for a patient with extraheparic portal 
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and 20 years, we noted no instance of encephalopathy, demon- 
strated in four patients by angiography persistently patent shunts, 
and in two patients, patency of the shunt by subsequent laparotomy 
for other reasons. 

I recently had the opportunity to review an even larger experi- 
ence in South America, related to their high incidence of caverno- 
matous tranformation of the portal vein associated with omphalitis, 
and once again no postshunt encephalopathies could be noted in 
these patients without hepatic disease. 

This morning, I cornered about 11 of our conferees in the audience 
who have had experience with patients with extrahepatic portal 
vein thrombosis and cavernomatous transformation, and none had 
had a patient with postshunt encephalopathy. 

I have never stated that there is a total divorcing ot flow to the 
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regarding the semantics of encephalopathy, and particularly post- 
shunt encephalopathy. What Dr. Voorhees showed us was that a 
percentage of patients will have psychiatric abnormalities, as 
assessed by psychometric tests by psychologists and psychiatrists. 
I would question whether this should be included in the semantics 
of postshunt encephalopathy; and I would admit that I have not. I 
have referred to postshunt encephalopathy as that comatose 
situation related to protein ingestion, and that is what I am talking 
about when I say we have never seen it in our group of patients. 

| have two specific questions to raise. The first relates to the 
graphs Dr. Warren showed us, that were certainly quite interesting. 
Does that provide a quantification, so you can tell somebody in 
the audience how many milliliters of flow are coursing through the 
cavernomatous vein or the vein of Sappey to the liver? Can you 
determine what the extraction fraction is by the normal liver through 
the venous circulation? 

The second question, I think, is a little more subtle, and it relates 
to the demonstration in the cirrhotic patient that a real percentage 
of these patients in the course of time will convert from their selec- 
tive shunt to a total-shunt and not maintain flow through the portal 
vein after a selective splenorenal shunt, as proposed by Dr. Warren 
and his associates. Therefore, does not the evaluation of the selective 
shunt for these specific patients with extrahepatic obstruction of the 
portal vein also not require the equivalent long-term follow-up study 
you suggest we should give to our patients, because encephalopathy, 
as you point out may occur 20 or 30 years later? 


DR. ERIC W. FoNKALSRUD (Los Angeles, California): I would also 
like to congratulate Dr. Warren and his many associates on their 
excellent presentation and for extending their studies with distal 
splenorenal shunts on cirrhotic patients to children with extra- 
hepatic portal block. l 
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In a recent review of 253 children with portal vein thrombosis 
who were followed more than five years after the last operation 
for bleeding varices, or after the initial bleeding episode in those 
who had no shunt constructed, several findings became apparent 
that confirmed the observations Dr. Warren and his colleagues 
made today. 

First, 35 of 37 children who underwent splenectomy alone rebled 
within a period of two years. Splenectomy is not necessary to 
treat secondary hypersplenism and should not be performed for 
portal hypertension in childhood, particularly in view of the increased 
risk of subsequent infection. Splenic artery ligation, however, may 
be helpful in certain selected patients in this age group and may 
slow the bleeding considerably. 

As Dr. Schwartz also has observed, we did not find a single 
patient in this large series that we can definitely identify as having 
hepatic encephalopathy after shunting procedures for extra- 
hepatic block. 

Shunts should be performed only on children who have had patent 
mesenteric or splenic veins, as demonstrated on venography, since 
the thrombosis rate is quite high in these abnormal veins, and is 
in excess of 50%, often followed by rebleeding, which is frequently 
much iore difficult to manage than the initial bleeding episodes. 

Next, at least 30-50% of children with extrahepatic block may 
be treated successfully without operation at all. The bleeding rate 
usually decreases as the child ages, but occasional patients will 
experience severe bleeding episodes in the later age group, re- 
quiring the shunt or some other procedure. 

Finally, the distal splenorenal or the side-to-side splenorenal 
shunts on selected children with persistent bleeding appear to be 
the most effective and least disrupting of the available operations 
for extrahepatic portal block in patients who have had extensive 
bleeding, based on the series which we reviewed. 

Does Dr. Warren see any possible merit in the side-to-side distal 
splenorenal shunt, which has been popularized in Europe and India 
during the past few years, since in portal vein thrombosis, the 
splanchnic venous flow does not pass through the liver regardless 
of whether or not a shunt is present? 


DR. JUDSON G. RANDOLPH (Washington, D.C.): I rise to support 
Dr. Warren's concept, and would like to just show one or two slides 
to give a historic perspective about this. 

l'd like to show you first this old slide, which you will recognize 
from Dr. Gross' book; (slide) this is a drawing by Miss Piotti of an 
autopsy specimen, reminding us that the canalization does occur 
that allows flow into the portal vein, and also that the liver is func- 
tionally intact in these patients. 

(slide) Dr. Gross felt that the splenorenal shunt was the way to 
get around the portal hypertension. He had a large series of patients 
and observed two points. First, it was usually necessary for the 
patient to be at least 5 years of age and have a splenic vein 1 cm 
diameter for it to stay open, regardless of the portal pressure. 
Second, Gross was careful to make the point that so many of these 
patients could be treated conservatively and needed no shunt at all. 

Dr. Clatworthy brought the transected cava to the mesenteric vein, 
producing an excellent shunt decompression to enable us to deal 
with the very small patient. In his own studies of laboratory animals, 
he showed in shoats (piglets), that there was a 10-15% lag in growth 
of the hind extremities of these animals, pointing out one disadvantage 
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of this shunt. It was, however, a large shunt and did decompress 
the mesenteric portal system quite well. 

If our departed colleague Dr. Drapanas were still with us, he 
would be up here in the midst of this fray. My colleague, Dr. Peter 
Altman, has worked on a large number of patients with biliary 
atresia, reporting on them to this society two years ago. He has 
had a large number of patients with biliary cirrhosis who required 
shunts, and the shunt popularized by Dr. Drapanas, modified only 
in that the jugular vein was used in children, has been useful in 
decompressing some of these patients as young as 14 months of 
age, with the shunt staying open. 

We recognize the problem that Dr. Warren has put forth to us here 
today, and with Dr. Voorhees’ information, I believe the most 
physiologic approach that is available, should be taken. 

In the past 18 months we have done this shunt as described 
by Dr. Warren in three patients, 15, eight, and three years of age. 
They have been followed at least six months now. The shunts have 
stayed open. There is no more bleeding. We believe, at least at the 
present time, as this information continues to unfurl, that the distal 
splenorenal shunt is the procedure we should be doing for children, 
who have a long way to go and whose brains are still developing. 


Dr. W. DEAN WARREN (Closing discussion): Is hepatopetal portal 
flow important? As I mentioned, this woman had had her shunt 22 
years. The data Dr. Fonkalsrud presented were for an average 
of only five years after the shunt. I am hoping that this audience 
will recognize that a total shunt does not continue to perfuse the liver. 
Do not wait 20 years and say, "Oh, my goodness, we made a 
terrible error." 

Dr. Schwartz, we are speaking of patients committed to psychiatric 
hospitals. Those patients were not just abnormal on psychometric 
testing; they were in the hospital as psychiatric failures. So that is 
an important complication. 

Flow in milliliters per minute we do not yet have. However, such 
data were just published from the University of Calcutta Institute 
for Medical and Surgical Research. In patients with a thrombosed 
portal vein, a total shunt resulted in as much as 500 ml/min loss in 
hepatic blood flow. Noncirrhotic patients also had clinical encepha- 
lopathy. 

Dr. Fonkalsrud is certainly right in saying one should not do a 
splenectomy. If you remember one thing from this presentation it 
should be not to take the spleen out of these children. One of the 
reasons is that one can do the best operation if there is a patent 
splenic vein. 

The simple side-to-side splenorenal shunt is a total shunt. To 
create a selective shunt you have to ligate the splenic vein, as the 
group in India has done. They use the Clatworthy technique to the 
splenic vein, and then ligate the splenic vein. They have also used an 
end-to-end technique which they call a selective splenocaval shunt. 
With this approach they have preserved hepatic flow within a few 
ml/min of the preoperative value. 

I thank Dr. Randolph for his comments and his thoughtful presen- 
tation. If you will recall, the Linton splenorenal shunt, which he 
showed, was pulled inferiorly and posteriorly to anastomose to the 
renal vein. This severe angulation is one reason there is a closure rate 
of about 50% in most series. Our patency rate with the distal spleno- 
renal shunt is 100% in these patients with portal vein thrombosis, 
and higher than 90% in adults with cirrhosis. 


Radical Peritoneal Debridement for Established Peritonitis 


The Results of a Prospective Randomized Clinical Trial 


HIRAM C. POLK, JR., M.D., DONALD E. FRY, M.D. 


A randomized, prospective comparison of radical peritoneal 
debridement and standard surgical management of peritonitis 
disclosed no differences in terms of hospital mortality or the 
frequency of reoperation for abscess. Adjunctive measures 
such as antibiotic therapy and peritoneal irrigation were 
identical between the groups. The groups were demographically 
and clinically similar but had a much lower incidence of 
intestinal obstruction than in the patients originally reported 
by Hudspeth. 


ECONDARY BACTERIAL PERITONITIS continues as a 
frequent cause of death and disability in all age 
groups. The risk of untoward outcome remains a func- 
tion of basic disease, the organ which has perforated, 
the duration of illness, and patient resiliency, largely 
expressed as age and frequency of associated disease. 
The impact of treatment innovations is difficult to 
assess objectively. Present therapy embodies adequate 
parenteral therapy, including systemic antibiotics, 
initiated as soon as the diagnosis is made”? and early 
operation with appropriate mechanical management 
of the alimentary perforation. The roles of peritoneal 
irrigation and/or continuing lavage*7^!?^!? with or with- 
out specific antimicrobial agents'* and drainage processes 
continue to be variable! and somewhat controversial. 
For all of these reasons, treatment regimens or con- 
cepts that appear to favorably influence this prevalent 
illness are worthy of careful scrutiny. A case in point 
is the indication by Hudspeth"! that radical surgical 
debridement of peritoneal and serosal surfaces, in 
addition to sound supportive measures and precise 
mechanical correction of the primary problem, led to 
uniform recovery in 92 consecutive patients aged 
three to 69 years. Only 32 of his patients had appendiceal 
disease and the majority had more serious underlying 
pathology. This report was greeted with general but 
unofficial skepticism. His rational was that residual 
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bacteria-laden fibrinous exudate within the peritoneal 
cavity serves as a focus of continuing bacterial pro- 
liferation and on-going invasive infection. Further- 
more, a series of careful experimental studies by Hau 
and associates? provided a reasonable basis by which 
debridement of fibrinous exudates at some stage in the 
evaluation of peritonitis could be appreciated as theoretic 
and practical benefit.'*!9!? Simply stated, Hau and 
his colleagues suggest that fibrin deposition lowers 
early mortality in peritonitis by ‘‘trapping’’ bacteria, 
but that this same protective element of host defenses 
may become a source for the subsequent development 
of intraperitoneal abscess. This concept implies that 
removal of that fibrin ‘“‘peel’’ in certain clinical cir- 
cumstances could be of measurable benefit, as described 
by Hudspeth.'! We sought to define the benefits of 
radical peritoneal debridement in a prospective, ran- 
domized study of peritonitis. 


Materials and Methods 


During an 18-month period of time, consecutive 
patients seen at a city-county general hospital and a 
VA Medical Center with acute bacterial peritonitis 
were considered candidates for randomization into the 
study. Sixty adult patients were randomized and at 
operation, 14 patients were excluded because no 
peritonitis was encountered or only localized and 
nondiffuse peritoneal infection was present. All pa- 
tients entered into the study were randomized, prior 
to operative intervention, into the radical peritoneal 
debridement group (RPD) or standard treatment group 
(STD) based upon the last digit of the hospital number, 
a number not amenable to manipulation by the treating 
physician. 

The STD patients had a conventional operative 
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incision based on the suspected diagnosis. For example, 
patients with suspected perforative appendicitis usually 
had an oblique right lower quadrant incision. These 
patients had conventional treatment of repair, resec- 
tion, and/or exteriorization of the gastrointestinal 
lesion with conventional suctioning of gross exudate, 
drainage of purulent collections, and debridement 
of necrotic tissue. Drains were employed as warranted 
by the operating surgeon. 

The RPD patients all had xiphoid-to-symphysis pubis 
midline incisions, regardless of the anticipated primary 
diagnosis. Conventional mechanical treatment ob- 
jectives were accomplished as in the STD patients. 
However, RPD patients underwent the meticulous 
dissection of fibrinous debris and exudate that was 
adherent to bowel serosa or the parietal peritoneum. 
This was most conveniently done by gentle, sweeping 
motions with a coarse-mesh gauze sponge. When the 
fibrinous exudate was densely adherent or intertwined 
with the bowel serosa, very careful sharp dissection 
was employed to avoid subsequent fistulization. No 
drains were employed in RPD patients. 

All patients in both groups were otherwise treated 
similarly to minimize variables and maximize com- 
parability of the groups. Thorough preoperative history 
and physical examination allowed assessment of 
associated disease problems. Antibiotic therapy was 
initiated preoperatively and all patients received 
cefamandole nafate 1 g every four hours intravenously 
and tobramycin 3-4 mg/kg/24 hours intramuscularly. 
All patients received the drugs preoperatively and for a 
minimum of five days. The regimen chosen has both 
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PERITONEAL DEBRIDEMENT 


TABLE l. Demographic Characteristics 


Treatment Plans RPD STD 
Randomized 3] 29 
Peritonitis not confirmed 9 5 
Treated per protocol 22 24 

mean age (years) 49 51 
sex (male/female) 17/5 17/7 
Peritonitis 

localized 7 10 

generalized 15 14 


theoretic and proven clinical value for peritonitis.'%”° 
Drugs could be changed after that point based on 
culture and sensitivity data. At operation, management 
of the primary lesion was left to the discretion of the 
operating surgeon. Aerobic and anaerobic cultures 
were obtained on opening the peritoneal cavity. Ir- 
rigation of the peritoneal cavity was performed in all 
patients with a minimum of 2,000 ml of warm saline. 
Additional volume could be employed if the operating 
surgeon chose to do so. However, no antiseptics nor 
antibiotics were added to the peritoneal irrigation solu- 
tions. Continuous peritoneal irrigation was not em- 
ployed. Management of the operative wound was left to 
the surgeon's discretion but delayed primary closure 
was uniformly chosen. 

The major criterion for comparison between the 
two treatment groups was in-hospital mortality. In 
addition, reoperation for recurrent intra-abdominal 
abscess not associated with a technical or judgment 
error on the part of the operating surgeon was also. used 
in comparing the treatment methods. 


Results 


Among the 46 determinant patients, 22 individuals 
underwent RPD and 24 had standard surgical treat- 
ment (STD). The mean age of RPD patients was 49 
years and for STD patients 51 years; the age distribu- 
tion was also similar (Fig. 1). There were 17 men in 
each group (Table 1). Associated illnesses were common 
and represent those commonly seen in city county and 
Veterans Administration Medical Center hospitals. 
Alcoholism, atherosclerotic cardiovascular disease 
and chronic lung disease were most common (Table 2). 

The fundamental pathology is tabulated in Table 3. 
Perforated peptic ulcers and complicated perforative 
appendicitis accounted for two-thirds of the diagnoses. 
With a single exception in each therapeutic group, the 
remaining patients had small or large bowel perfora- 
tions. The other RPD patient had a ruptured tubo- 
ovarian abscess and one STD patient had a ruptured 
pancreatic abscess. The bacteriologic isolates for each 
treatment group are detailed in Table 4. The aerobic 
and anaerobic distributions are similar although there 
are minor variations among the specific organisms. 
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TABLE 2. Associated Diseases 


Treatment Plan RPD STD 
Number of patients 22 24 
Alcoholism 7 9 
Atherosclerotic cardiovascular 6 4 
Chronic lung 3 4 


Other to include peptic ulcer, diabetes mellitus, 
chronic renal disease, etc. 


Total associated diseases 24 27 


Three patients in the RPD group and five in the STD 
group had sterile cultures, all of which occurred with 
perforated duodenal ulcers. 

Objective measurements of outcome (Table 5) dem- 
onstrate no difference between the treatments as prac- 
ticed in this population. Of the 24 STD patients, seven 
died and four required reoperation for intra-abdominal 
abscess. Of the seven STD deaths, six were due to 
continuing intraperitoneal infection and one to pneu- 
monitis. Seven of the 22 RPD patients died and five 
required reoperation for intra-abdominal abscess. Of 
the seven deaths, five were due to peritonitis, one 
pneumonia, and one from the systemic manifestations 
of metastatic cancer. 

Figure | indicates that our elderly patients, all with 
at least one major associated illness, did not tolerate 
radical peritoneal debridement. All five patients over 
60 years of age in the RPD group died, whereas only 
two of six such patients in the STD group died. Further- 
more, if the over 60-year-old patients are deleted, there 
remains no statistical difference in survival among the 
under 60-year-old RPD and STD patients. 

An analysis of impact of treatment according to 
duration of disease further suggests that RPD adversely 
influenced patients with protracted causes of peritonitis. 
Eight of 22 RPD patients had historical data consistent 
with pre-existent peritonitis for greater than 72 hours 
before the operation. Five of these patients died. Eleven 
of 24 STD patients had pre-existent peritonitis for more 
than 72 hours but only three of these patients died. 

Further evidence of comparability among the pa- 
tients randomized to each treatment group is identified 
in those 14 patients randomized but without bacterial 
peritonitis. Of nine RPD randomized nonperitonitis 
patients, two died, while one patient of five non- 
peritonitis STD patients died. 


TABLE 3. Causes of Peritonitis 


Treatment Plan RPD STD 
Number of patients 22 24 
Perforated peptic ulcer 9 11 
Complicated perforative appendicitis 4 5 
Small-large bowel perforation 8 » 
l 


Other 
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TABLE 4. Bacterial Isolates 


Treatment Plan RPD STD 
Aerobic bacteria 20 26 
E. coli 8 9 
Klebsiella-Enterobacter 6 10 
Group D Streptococcus 2 4 
Other 4 3 
Anaerobic bacteria 26 17 
Bacteroides sp. 12 9 
Clostridium sp. 7 5 
Others m T m 3 
Total 46 43 


Discussion 


A specific series of events occurs following chemical 
or bacteriologic contamination of the peritoneal cavity. 
Among these events, increased vascular permeability 
of the inflammed tissue results in extravasation of 
edema fluid and plasma proteins into the area. Teleo- 
logically, the vascular permeability change allows 
ready access of cellular and humoral host defense 
components to the area of contamination. The com- 
bination of leukocytes, fibrin, and bacteria from the 
fibrinopurulent exudate is characteristic of patients 
with bacterial peritonitis. The fibrinous exudate may 
serve as a barrier between areas of suppuration and 
adjacent areas and becomes a critical component of 
an abdominal abscess wall. At other times, this exudate 
occurs over bowel and peritoneal surfaces not in asso- 
ciation with specific abscess. The necessity, wisdom 
or value of removing the fibrinopurulent ‘‘peel’’ is 
the fundamental question raised by the radical perito- 
neal debridement concept. 

The conventional treatment of intra-abdominal 
infection has specific goals; namely, repair of the 
mechanical defect responsible for the contamination, 
drainage of purulent collections, and debridement of 
nonviable tissue. One of the purposes of mechanical 
treatment is certainly to reduce the bacterial burden 
that is responsible for the active infection. However, 
it is not realistic to think that mechanical means alone 
will eliminate the pathogens in intra-abdominal sepsis. 
Perhaps a more realistic concept of drainage and de- 
bridement in the surgical management of infection is 
that they destroy the environment that promotes 
bacterial proliferation and invasive infection. Pus and 


TABLE 5. Outcome 


Treatment Plan RPD STD 
Died 7 7 
peritonitis 5 6 
pneumonia l l 
other l 0 


Reoperation for intraperitoneal infection 5 E 


Vol. 192 e No. 3 


nonviable tissue are relatively inaccessible for cellular 
and humoral host defense mechanisms. The ability of 
antibiotics to penetrate these infected areas of com- 
promised blood supply is surely limited. Once these 
adverse environments have been mechanically elimi- 
nated, the residual bacterial contamination must be 
dealt with by host defense and antibiotic therapy. 
Those patients whose nonspecific host defenses can- 
not deal with this residual infection may not benefit 
from lengthy attempts to remove the remaining bacterial 
contaminant with a surgical knife. 

The data from this report of a prospective, randomized 
trial of radical peritoneal debridement shows no benefit 
in survival nor reduction in the frequency of reopera- 
tion for abscess between the patients in the two treat- 
ment groups. The patients were similar with respect 
to fundamental pathology, age, associated illnesses, 
and bacterial pathogens. Antibiotic therapy and peri- 
tonealirrigation were constant between the two groups. 
These data further suggest that elderly patients tolerated 
radical peritoneal debridement poorly as indicated by 
uniform death of patients in the RPD group over 60 
years of age. 

The problem of management of the residual bacterial 
contaminant within the peritoneal cavity remains a 
formidable one. Systemic antibiotic therapy has been 
disappointing in affecting the natural history of severe 
peritonitis.*!? 

This has led to additional efforts to find more powerful 
drugs to serve this purpose. Concern about anaerobic 
bacteria has resulted in the addition of powerful 
and dangerous antibiotics to treat Bacteroides fragilis 
in peritoneal infections. Prospective data is not available 
to support that premise, and previous retrospective 
data has demonstrated no value of such antibiotic 
therapy.*?? Direct application of antibiotics! and 
antiseptics? into the peritoneal cavity has had its 
advocates but again unequivocal data to support the 
value of local instillation of antimicrobial chemo- 
therapy is lacking. 

Our experience differs from that reported by Hudspeth 
and it could well be that this population difference 
contributes to the apparent discrepancy. In his original 
report, Hudspeth indicated that 92% of his patients had 
associated intestinal obstruction,!! a complication ab- 
sent in the vast majority of our patients. The timing 
issue, noted above, may also be a factor, there being, 
as Hau and associates have postulated,? a time when, 
in theory, removal of fibrinous exudates may be either 
harmful or helpful. While for the moment our experience 
weighs against the mood application of RPD, it may 
be that more precise timing and classification of the 
illness will disclose a group of patients truly benefited 
by the meticulous application of this concept. 

While it is fashionable to seek global explanations 
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for failure of control of infection, many obvious clinical 
trials in this common illness remain to be carefully 
done. These trials may well be dependent on a valid 
classification of illness with respect to both degree of 
microbial contamination and temporal evaluation of the 
peritoneal response. Furthermore, much remains to be 
clairified about the apparently protective, possibly 
harmful aspects of certain components of the basic 
host response to peritoneal contamination. 
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DISCUSSION 


DR. ISIDORE COHN, JR. (New Orleans, Louisiana): Dr. Polk 
asked me to discuss his paper because of our similar interests in 
the problem of peritonitis, and not because we have had any ex- 
perience with radical peritoneal debridement. 

When Dr. Hudspeth's paper first came out, it seemed to us that 
the use of the procedure which he described was such a disastrous 
approach to a patient suffering from generalized peritonitis that we 
did not elect to try this on patients under these conditions. It seemed 
to us that subjecting these patients to a minimum of one to three 
hours of operative procedure was more than most of these patients 
would tolerate. 

Dr. Polk's results would indicate that the procedure has not proved 
of any real benefit in his hands in a prospective, randomized study, 
in which he has been able to show the comparability of the two 
series on almost every score. 

Dr. Hudspeth's study was a consecutive series, or at least it appears 
to be that way from his report. I think all of us have observed over 
and over again, in any clinical study, when you get sufficiently in- 
terested in a problem and devote sufficient attention to it, you can 
improve the results. Perhaps that is what did, indeed, happen in 
Dr. Hudspeth's study. 

We do believe that the patient with peritonitis should undergo 
operation as soon as possible. We do believe that the patient should 
have extensive lavage of the peritoneal cavity. We do believe that 
any collections of pus or intestinal contents should be aspirated 
or lavaged in an appropriate manner. We happen to believe that 
intraperitoneal antibiotic installation is an important addition to this, 
along with systemic antibiotic therapy. The idea of actually cleaning 
out all the fibrin in the peritoneal cavity has not appealed to us. 


DR. H. HARLAN STONE (Atlanta, Georgia): The problem that 
Drs. Polk and Fry have brought to our attention is that of residual 
bacteria. Despite resection of obviously infected tissue, superficial 
debridement of the peritoneal cavity and often more intensive de- 
bridement, there are residual bacteria still present within the fibrin 
peel on serosal surfaces. By more radical debridement, it has 
been hoped that these can be removed, for standard peritoneal lavage 
consistently fails. 

The choice of antibiotics in this study was excellent, in that amino- 
glycosides do penetrate fibrin and clot. Certain cephalosporins, 
such as cephaloridine, do as well. Now, one can remove these 
residual bacteria by radical debridement, as tested here, or by using 
various agents that will remove fibrin, such as heparin, or by ad- 
ministering antibiotics that will penetrate the fibrin coat. 

In the hands of most surgeons, a penetrable antibiotic is far safer 
than is radical peritoneal debridement or systemic heparinization. 


DR. PHILIP SANDBLOM (Sweden and Switzerland): Dr. Polk's 
paper is one of those that saves more lives than most others. The 
suggestion made by Dr. Hudspeth might be all right in the hands of 
experienced surgeons like Dr. Hudspeth's, but if this method were 
taught to younger residents, | am afraid the results would be cata- 
strophic. The method is contradictory to the old teaching of not 
interfering with natures own defense mechanisms. 

I was always taught, and myself taught, that if there is an in- 
fectious process, we must not prevent nature from building up a 
defensive wall of fibrin around it. Cleaning the intestines of fibrin 
in peritonitis risks spreading the infectious process and will increase 
paralytic ileus. When I first heard of this operation, I thought that 
introduction of antibiotics and chemotherapy might have changed 
fundamental principles. Dr. Polk has assured us that the old lesson 
still is valid. 


DR. ERNST KRAAS (Hamburg, Germany): My associates and I 
studied the same question that Dr. Polk and his colleagues did. 
That is, what kind of mechanical measures could improve the sur- 
vival rate of patients with fecal peritonitis. Our approach to this 
question was different. 
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(slide) After standard operative care with peritoneal lavage, we 
used catheters similar to those used by nephrologists for the peri- 
toneal dialysis. We begin a continuous peritoneal washout immedi- 
ately after the operation. For this postoperative washout we use 
between 48 and 120 liters of electrolyte fluid, no antibiotics are 
added. We perform this procedure between two and ten days after 
the operation. 

We measured endotoxin in the peritoneal washout fluid as well 
as in the blood. 

(slide) As long as we found endotoxin in the washout fluid but 
not in the systemic blood, patients had a fairly good chance of 
surviving peritonitis. In patients in whom we found endotoxin in 
the washout fluid as well as in the systemic blood, the chance of 
survival became poor. Sixty-six per cent of the patients in this 
group died as compared with 14% in the other group. The groups 
were small and not randomized. 

It seems to us that continued postoperative washout of the peri- 
toneal cavity of patients with fatal peritonitis, as long as we find 
endotoxin in the fluid, avoids the penetration of endotoxin from the 
peritoneal cavity through the peritoneum in the systemic blood. 

This mechanical washout of endotoxin improved the chances of 
survival, as the figures show. 


DR. GEORGE H. A. CLowes, JR. (Boston, Massachusetts): Dr. 
Polk has given us something worth thinking about, and I arise simply 
to ask him why those people died whom he listed as having peritoni- 
tis. Were there physiologic differences from those who survived? 

I ask this since our own studies of peritonitis at the Boston City 
Hospital show that the mortality in the group as a whole is about 
40%, but if liver failure is present the mortality increases to ap- 
proximately 60%. As multisystem failure progresses, with the addi- 
tion of renal failure, the mortality rises to 95%. 

In our experience every patient with severe peritonitis has an 
element of liver failure, which can be detected by the more sophisti- 
cated ways of assessing liver function, but not by the ordinary clinical 
methods. Associated with liver failure is a reduction of protein syn- 
thesis accompanied by a depression of C-3, C-4, and C-5. This has 
been observed in a variety of septic and posttraumatic states. In 
addition, Dr. Mats Heideman, working with us, has shown that C-1 
esterase inhibitor is elevated in the presence of sepsis and especially 
when there is hepatic insufficiency. Is the liver injured by endo- 
toxin or other mechanism when the inflammatory barrier of the peri- 
toneal abscess is violated during such a debridement? 

In other words, has Dr. Polk shown whether he found any dif- 
ferences in liver function or renal function in these two groups? 


DR. WILLIAM A. ALTEMEIER (Cincinnato, Ohio): Drs. Polk and 
Fry have presented an interesting, important and courageous pro- 
spective study comparing the standard surgical treatment of peri- 
tonitis with that of radical peritoneal debridement in relatively similar 
groups. It is not surprising that their results with radical peritoneal 
debridement did not show a decrease in hospital postoperative 
mortality or in the frequency of postoperative and reoperative 
drainage of intraperitoneal abscesses. That radical peritoneal de- 
bridement did not increase the mortality is an interesting and some- 
what surprising result. 

In patients with established peritonitis and a peritoneal fibrinous 
exudate on the surface of extensive areas of the visceral peritoneum 
of the intestine and the parietal peritoneum, it would be a difficult 
job to remove all of the exudate. It would seem that this would be 
particularly difficult to do in some of the recessed pockets and spaces 
of the peritoneal cavity, such as the subphrenic areas and the lesser 
peritoneal sac. Perhaps Dr. Polk will comment on this problem. 
In addition, I would also like to ask whether or not blood cultures 
were taken during the debridement and immediately thereafter. 

In my bacteriologic studies of secondary peritonitis, | have found 
that these infections have been polymicrobic, with an average of 
3.7 bacterial species per instance, and as many as 11 or 12 different 
species being isolated in some. These may live in symbiosis and 
many have synergistic effects. The anaerobes are more prevalent 
than the aerobes, and the anaerobes in particular have the potential 
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of developing necrotizing and other enzymes which may aid in 
spreading the infection. For this reason, it is probably reasonable 
to expect that the number of abscesses developing secondarily in 
the authors' study would be unchanged. 

For these and other reasons, I would support the conclusions 
presented by the authors in this interesting study. In addition to 
the questions I have already posed, I would like to ask how often 
anaerobic Streptococci were found in their peritoneal exudates? This 
is an important organism in peritonitis that is quite difficult to grow 
in many instances and is one of the factors active in producing 
the foul ordor of many of these abscesses. 


DR. HIRAM C. POLK, JR. (Closing discussion): Dr. Cohn's ex- 
planatory remarks were helpful to our presentation. We did think 
this was a study worthy of doing, and Dr. Sandblom and Dr. Stone 
have given us some encouragement for at least having examined 
the thesis and concluded that we, for one, cannot produce the 
uniformly protective effects of radical peritoneal debridement. 

Dr. Kraas’ presentation is interesting, and I think I agree in 
principle with the idea of continuing peritoneal lavage. I remind 
him of one thing that I think he knows well: the Limulus lysate 
test for endotoxin is notorious for its inaccuracy, and it may or 
may not represent continuing illness. 

On the other hand, his principle is an extension of the last report 
from Sir John Lowenthal's service before his death last year. It 
discussed a three-day antibiotic lavage of the peritoneal cavity that 
favorably influenced peritonitis in his unit in a series of not con- 
current, but at least consecutive trials. 

Dr. Clowes, our patients died of the complications of continuing 
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local infection and persistent intra-abdominal abscess. We were un- 
able in patients in both groups, as we see in this population, to 
control this kind of infection. Indeed, my associate, Dr. Fry, just 
presented to the Central Surgical Society our experience with a 
larger number of intra-abdominal abscesses, and your concern about 
liver involvement is valid and confirmed by our observations. Evi- 
dence of liver failure is more common in these patients, and it 
obviously is an important contributor. 

As a matter of fact, which of the many wheels have come off 
the track is the source of a dissection that we are assessing now 
in host defense mechanisms, carried out sequentially in a lot of 
high-risk patients. I hope in a couple of years to be able to answer 
that question. It is certainly far ahead of our points at this time. 

Dr. Altemeier, the third most common anaerobe identified was 
the streptococcus you asked about, and it fell into the ‘‘other’’ cate- 
gory, behind Bacteroides and Clostridia. I appreciate particularly 
your concurrence, because of the unique position you hold in surgical 
microbiology. Our patients with radical peritoneal debridement did 
tolerate this procedure poorly, provided they were older than 60 
years of age or had associated diseases. I think the good news about 
this is that there were no intestinal fistulas resulting from our efforts 
to debride the peritoneal cavity, but, unfortunately, we did not con- 
sider or carry out blood culturing during the process, to see if we 
were actually producing bacteremia. 

Finally, a negative report, I think, to be presented to this society 
is always a source of concern. On the other hand, the possibility 
of Type 2 statistical error is real, and it could be that by our inability 
to at least test the Hudspeth hypothesis, we were withholding an 
effective treatment from our patients. It seems that we have avoided 
that potential error. 


Prophylactic Antibiotics in Vascular Surgery 


Topical, Systemic, or Both? 
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A prospective, randomized, blinded study was performed to de- 
termine whether prophylactic antibiotics would reduce the inci- 
dence of infection in peripheral vascular surgery and whether 
the route of antibiotic administration was important. Patients 
undergoing a vascular procedure with a groin incision were 
allocated to one of four groups with respect to prophylactic 
antibiotics. Group I received no antibiotic. Group II had topical 
cephradine instilled in their incisions prior to closure. Group 
II received a 24-hour perioperative course of intravenous 
cephradine, and Group IV received both topical and intra- 
venous cephradine. Groin and abdominal incisional infections 
were significantly reduced (p — 0.01) among patients who re- 
ceived prophylactic antibiotics by either the topical, systemic, 
or combined routes of administration. No significant differ- 
ences were noted among the three antibiotic groups. 
Profundoplasty, femoral embolectomy, and femoral aneurysm 
repair were each associated with an increased incidence of 
infection (p — 0.01). Other risk factors were only important in 
patients not receiving antibiotics. Either intraoperative topical 
antibiotics or perioperative systemic antibiotics prevent 
infection in peripheral vascular surgery, but antibiotic 
administration by both routes is unnecessary. 


NFECTION OF A SURGICAL wound is always a costly 
I and distressing problem, and in vascular surgery the 
consequences may be particularly devastating with 
potential loss of limb or life. Once a synthetic arterial 
graft becomes infected, management may be extremely 
difficult, time consuming, and costly." * For these 
reasons, every attempt should be made to prevent 
infection in patients having vascular surgery. Experi- 
mental studies have demonstrated that the incidence of 
infection following vascular procedures may be re- 
duced by systemic antibiotics,? by topical antibiotics,°® 
or by soaking the graft in antibiotic solution.’ Although 
the value of systemic or topical antibiotics in reducing 
wound infections has been well documented in patients 
having various orthopedic, gynecological, and abdomi- 
nal operations,"? only one prospective, randomized, 
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blinded study documenting the efficacy of prophylactic 
systemic antibiotics in patients having vascular recon- 
structive surgery has been published.!® Properly de- 
signed clinical studies to access whether topical anti- 
biotics or presoaking a graft with antibiotics will reduce 
infection have not been reported. 

The importance of the groin incision as the source of 
the majority of synthetic graft infections has been em- 
phasized by Szilagyi and colleagues.* Although the 
wound infection rate for ‘‘clean’’ elective surgery should 
be less than 246,!! the incidence of wound infection in 
the groin incision following vascular surgery has been 
reported to be as high as 17—26%.'*~'4 Various explana- 
tions have been given for this high incidence of in- 
fection including the use of prosthetic materials, pro- 
longed operative time, the presence of ischemic tissues, 
and the transection of infected groin lymphatics. Since 
the groin incision is the source of the majority of syn- 
thetic graft infections and since this incision is associated 
with a relatively high incidence of infection, it would 
seem logical that a study designed to evaluate prophy- 
lactic antibiotics in vascular surgery should focus on 
procedures involving this incision. Therefore, in an 
effort to determine: 1) whether the incidence of infection 
in the groin incision could be reduced by prophylactic 
antibiotics, and 2) whether the route of antibiotic ad- 
ministration was important, a prospective, randomized, 
blinded study was undertaken to evaluate both sys- 
temic and topical antibiotics in patients having vascular 
procedures with a groin incision. 


Methods 
Patient Selection and Randomization 


This study was conducted from April 1977 through 
September 1979 at the St. Laurence’s Hospital, Dublin, 
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Ireland. Only patients scheduled for vascular surgery 
in whom a groin incision was anticipated were con- 
sidered eligible for the study. Patients having abdomi- 
nal aortic surgery in whom an aortoiliac bypass was 
considered most probable from preoperative evalua- 
tion were not included in order to minimize the number 
of patients having prosthetic grafts without prophylactic 
antibiotic coverage. Patients were also excluded from 
participation in the study if: 1) antibiotics had been 
administered within five days prior to surgery, 2) there 
was a significant history of penicillin or cephalosporin 
allergy, or 3) cellulitis or wet gangrene was present 
in the lower extremity. Patients with ischemic ulcers 
without clinical evidence of cellulitis and those with dry 
gangrene were included. Patients having urgent femo- 
ral embolectomy and patients with expanding femoral 
aneurysms without a break in the skin were also in- 
cluded. Patients considered eligible for inclusion were 
randomly allocated to receive either topical saline, 
topical cephradine, systemic cephradine, or both topi- 
cal and systemic cephradine. During the 30-month 
study period, 217 patients were allocated to one of the 
four treatment groups. Five patients required additional 
antimicrobial therapy during the first postoperative week 
for pulmonary or urinary tract infections, and these 
patients were included in the final analysis. This study 
was performed in accordance with the standards of 
the Committee on Human Experimentation of the St. 
Laurence's Hospital. 


Antibiotic Administration 


Cephradine was chosen as the study drug because 
of its low systemic toxicity and adequate tissue distri- 
bution. In addition, a prestudy analysis revealed that 
cephradine provided a broader antibacterial spectrum 
than the other cephalosporins tested against organisms 
cultured from wound infections at the St. Laurence's 
Hospital. Patients having a vascular procedure with 
a groin incision were randomly assigned to one of four 
antibiotic groups. Group I (control) received no topical 
or systemic antibiotics. Group II (topical) had a solu- 
tion of cephradine (1.0 g) dissolved in 25 ml of saline 
instilled in their incisions prior to closure but did not 
receive systemic antibiotics. Group III (intravenous) 
received cephradine (1.0 g) intravenously one hour pre- 
operatively and every six hours thereafter for a total 
of four doses. Group IV (topical plus intravenous) had 
their incisions instilled with cephradine (1.0 g) and also 
received four intravenous doses of cephradine (1.0 g) 
starting one hour preoperatively. All incisions were 
irrigated with saline prior to closure, and wound clo- 
sure was standardized with 3-0 Dexon being used for 
the deep and subcutaneous layers and 4-0 nylon for 
skin closure. Preoperative skin preparation was also 
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standardized with the operative area being scrubbed 
on the day prior to and immediately before surgery 
with a providone-iodine solution. Hair clipping was 
performed immediately preoperatively. 


Patient Evaluation 


Each patient was evaluated daily for fever, signs 
of allergic reaction, and wound infection. All wounds 
were observed for a minimum of four weeks postopera- 
tively. Wound infections were classified in accordance 
with the definitions of Szilagyi, et al.* with Class I 
representing superficial cellulitis or stitch abscess, Class 
II indicating infection of the subcutaneous tissue, and 
Class III denoting involvement of the graft. Wounds 
were considered to be infected when purulent material 
drained from the incision without evidence of prior 
ischemia of the skin edges. Evaluation of possible wound 
infection was made by physicians who were blinded 
with respect to the patient's study group. Incisions 
which drained lymph or sanguineous fluid which was 
sterile and resolved within three days were not con- 
sidered to be infected. All purulent and nonpurulent 
drainage was cultured using standard bacteriologic 
methods. Patients who died within four weeks of sur- 
gery were excluded from the final analysis. 


Study Monitoring 


A physician not directly involved with patient care 
or data collection served as the study monitor. Data 
was reviewed at intervals, and this physician partici- 
pated in the decision to terminate the study in Septem- 
ber 1979. 


Statistical Analysis 


The chi Square test was the statistical analysis em- 
ployed in evaluating risk factors and the incidence 
of infection. 


Results 


Study Population 


Of the 217 patients randomized and participating in 
the study protocol 12 were excluded because they died 
within four weeks of surgery (Table 1). Three of these 
patients had been randomized to Group I and received 
no antibiotic while the other nine patients had received 
cephradine. Ten of the 12 deaths occurred within the 
first postoperative week, and six of these patients had . 
undergone femoral embolectomy and died as a result of 
their underlying disease process. The remaining six 
deaths were due to perioperative myocardial infarc- 
tion (3 patients), ischemic bowel (1 patient), aspiration 
pneumonia (1 patient), and combined respiratory and 
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TABLE 1. Characteristics of Study Population and Distribution of Risk Factors 


I 


No 
Antibiotic 

Study population (number of patients) 

randomized 56 

excluded 3 

analysed 53 
Age and sex 

mean age (years) 58.3 

age > 70 (years) 12 

male (%) 63 
Risk factors (number of patients) 

obesity 18 

synthetic graft 13 

operation > 4 hr 4 

leg ulcer 10 

dry gangrene 8 


renal failure (1 patient). None of the 12 patients ex- 
cluded from the final analysis had developed a wound 
infection prior to death. The mean age of the 205 pa- 
tients included in the study was 59.8 years, and 42 of 
the study patients were 70 years of age or older (Table 
1). Seventy-three per cent of the patients studied were 
men, and there were no significant differences among 
the four groups with respect to mean age, number of 
patients over age 70, or sex. 

In addition to advanced age, a number of other risk 
factors that might have affected the incidence of in- 
fection were evaluated. In general, these patients were 
not immunosuppressed, were not receiving steroids or 
chemotherapeutic agents, were not malnourished, and 
had no underlying malignancy. Despite the fact that 
the study population consisted mainly of patients with 
vascular disease of the lower extremity, the number of 
patients with insulin-dependent diabetes mellitus was 
quite low and insufficient for evaluation as a separate 
risk factor. The parameters that were considered as 
potential risk factors for infection were obesity, the 
presence of a synthetic graft within the grein incision, 
an operation lasting more than four hours, an ischemic 
ulcer of the lower extremity, or dry gangrene (Table 1). 
Patients were considered to be obese if their weight 
was greater than 110 per cent of ideal body weight. 
Patients with infected ischemic ulcers with associated 
cellulitis and those with wet gangrene had been ex- 
cluded from randomization. However, 70 of the 205 
. patients included in the study had either an ischemic 
ulcer without cellulitis or a toe with dry gangrene. Al- 
though there was some variance in the distribution of 
patients having a prolonged operation or dry gangrene, 
the relative frequency of obesity, synthetic grafts, and 
leg ulcers was evenly distributed among the four study 


Antibiotic Prophylaxis 


II IH IV 


Topical Intravenous Topical and IV All 
Cephradine Cephradine Cephradine Patients 
51 3 53 217 
5 2 2 12 
46 55 51 205 
351.2 60.9 62.5 59.8 
8 12 10 42 
80 73 78 73 
14 17 15 64 
10 14 15 52 
17 9 13 43 
10 14 8 42 

3 12 5 28 


groups (Table 1). In addition to these factors, the rela- 
tive incidence of the various operative procedures was 
also evenly distributed among the study groups. 


Groin Wound Infection 


The incidence of groin wound infection among the 
four study groups is presented in Table 2. These data 
are presented with respect to both the number of pa- 
tients infected and the number of incisions infected. 
Only Grade II and Grade III infections are included in 
this analysis since these infections have the potential 
to or already involve a synthetic graft and, therefore, 
are the infections of greatest clinical significance. Six- 
teen of 205 patients (7.8%) developed an infection in 
the groin incision. Of the 16 patients who developed 
a groin infection 13 were in Group I (no antibiotic), and 
the remaining three were in Group IV (topical plus in- 
travenous cephradine). No infections occurred in Group 
II (topical cephradine) or in Group III (intravenous 
cephradine). In 26 patients two groin incisions were 
performed, and in one patient in Group I (no anti- 
biotic) both incisions became infected. Of the 231 inci- 
sions at risk there were 17 infections (7.4%). Thus, 
the groin wound infection rate was significantly re- 
duced when a cephalosporin was applied topically (p 
< 0.01), given intravenously (p < 0.01) or administered 
by both routes (p < 0.01). However, no significant dif- 
ference in the groin wound infection rate was noted 
among the topical, systemic, or combined routes of 
administration (Group II vs. III, II vs. IV, III vs. IV, 
or II + IV vs. III + IV). These conclusions were the 
same whether infections were considered on the basis 
of patients or incisions infected and also hold true if 
Grade I infections had been included in this analysis. 
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TABLE 2. Incidence of Groin Wound Infection by Route of Prophylactic Antibiotic Administration 





Antibiotic Prophylaxis 


I I 


No Topical 
Antibiotic Cephradine 

Patient infections 

infections*/patients 13/53 0/46 

patients infected (%) 24.5% O%* 
Incisional infections 

infections*/incisions 14/62 0/54 

incisions infected (%) 22.6% 096* 


* Grade II or III groin wound infection. 
t p < 0.01, no antibiotic vs topical (I vs II or I vs II and IV). 


Other Wound Infections 


The incidence of abdominal and leg as well as groin 
wound infection is presented in Table 3. In addition to 
17 groin infections, two abdominal incisions and three 
leg incisions became infected. One of the two patients 
with an abdominal infection also had a groin wound 
infection. The three leg infections each involved only 
one of several leg incisions with no involvement of the 
groin incision. Both abdominal and groin infection rates 
among those patients receiving no antibiotic (Group I) 
were significantly higher (p — 0.01) than among pa- 
tients receiving cephradine (Groups II, III, and IV). 
The infection rate for all patients was greatest in groin 
incisions (7.4%), less in abdominal incisions (5.0%), 
and least in leg incisions (0.8%). 


Synthetic Grafts 


In 52 patients synthetic graft material was present 
within the groin incision (Table 4). Twenty-four of these 
patients had two groin incisions, placing 76 incisions at 
risk for infection. Four of these 52 patients (7.7%) 
developed an infection in the groin incision, and this 
infection rate was almost identical to the infection rate 
(7.8%) noted among the 153 patients studied in whom 
no synthetic material was present in the groin incision. 
Three of the four infections developing in patients with 
a synthetic graft occurred in Group I (no antibiotic) 


IH IV 


Intravenous Topical and IV All 

Cephradine Cephradine Groups 
0/55 3/51 16/205 
0961 5.906118 7.896 
0/56 3/59 17/231 
0961 5.19c* 118 7.496 


ti p < 0.01, noantibiotic vs intravenous (I vs II] or I vs III and IV). 
$ p < 0.01, no antibiotic vs topical and intravenous (I vs IV). 


while the fourth patient was in Group IV and had 
received both topical and intravenous cephradine. 
Each of these infections involved only one groin 
incision resulting in an incisional infection rate of 5.2% 
(Table 4). Each of these four infections were Grade II, 
subcutaneous but not obviously involving the graft, and 
there has been no loss of limb or life among these four 
patients with a follow-up ranging from 10 to 35 months. 


Bacteriology 


Ten of the 16 infected patients grew a pure culture of 
Staphylococcus aureus. In two patients both S. aureus 
and Proteus mirabilis were cultured from the infected 
groin incision. In two patients Escherichia coli was the 
only organism isolated from the groin infection while two 
other patients had a mixture of three organisms. One of 
these mixed infections involved two strains of E. coli in 
combination with P. mirabilis while E. coli, Pseudo- 
monas aeruginosa, and enterococcus were the or- 
ganisms isolated from the other mixed infection. 


Operative Procedures 


Infection rates varied considerably among the various 
operative procedures (Table 5). No infections occurred 
among 22 patients having various procedures involving 
the femoral artery while only one of 55 patients (1.8%) 
having a varicose vein procedure involving a groin in- 


TABLE 3. /ncidence of Wound Infection by Incision Site and Antibiotic Prophylaxis 





Number 


Incision Site of Patients 


No Antibiotic 


Infections/Incisions (92) 
Antibiotic Prophylaxis 


I II and III and IV 


Cephradine All Patients 


CC eee EEE 


Groin incision 205 
Abdominal incision 40 
Leg incision 102 


14/62 (22.6) 
2/9 (22.2) 0/31 (0)f 
0/77 (0) 


3*/169 (1.8)t 17/231 (7.4) 
2/40 (5.0) 


3*/286 (1.0) 3/363 (0.8) 





* All six infections were in Group IV patients. 


* p < 0.01, no antibiotic vs Cephradine (I vs II and III and IV). 
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TABLE 4. /ncidence of Groin Wound Infection by Synthetic Graft and Antibiotic Prophylaxis 


—————————————————ÓÓÀÀÁÁÉÁÉÁ——— 


Infections/Patients (92) 


———————————— ÉL 
Antibiotic Prophylaxis 


———————————————————————————————————————— 


I II IH IV 
No Topical Intravenous Topical and IV 
Antibiotic Cephradine Cephradine Cephradine All Groups 
Patients infections 
synthetic graft present* 31/13 (23.1) 0/10 (0) 0/14 (0) 11/15 (6.7) 4/52 (7.7) 
no synthetic graft 10/40 (25.0) 0/36 (0) 0/41 (0) 2/36 (5.6) 12/153 (7.8) 
Incisional infections 
synthetic graft present* 3/18 (16.7) 0/16 (0) 0/17 (0) 1/25 (4.0) 4/76 (5.2) 
no synthetic graft 11/44 (25.0) 0/38 (0) 0/39 (0) 2/34 (5.9) 13/155 (8.4) 


* Dacron—44 patients, 67 incisions; Gortex—8 patients, 9 
incisions. 


cision developed a wound infection. Infection rates 
were 4.5% for femoropopliteal bypass, 5.8% for aorto- 
femoral bypass, and 15.4% for profundoplasty. Six of 
26 patients (23.1%) having femoral embolectomy and 
three of ten patients (30%) having surgery for a femoral 
aneurysm developed a groin wound infection. Pro- 
fundoplasty, femoral embolectomy, and femoral an- 
eurysm resection were all associated with an increased 
incidence of infection (p < 0.01). In addition, for both 
femoral embolectomy and femoral aneurysm resection 
the infection rate was significantly higher (p < 0.03) 
among those patients receiving no antibiotics (Group I) 
compared to those receiving cephradine (Groups II, III, 
and IV). 


Risk Factors 


High infection rates were present in each of the risk 
categories studied when no prophylactic antibiotics had 
been given (Table 6). In comparison, the incidence of in- 


TABLE 5. Incidence of Groin Wound Infection by Procedure 
and Antibiotic Prophylaxis 





Infections/Patients (92) 





Antibiotic Prophylaxis 





I II and III 
No Anti- and IV All 
Procedure biotic Cephradine Patients 
Femoral artery* 0/8 (0) 0/14 (0) 0/22 (0) 
Varicose vein 1/15 (6.7) 0/40 (0) 1/55 (1.8) 
Femoropopliteal 
bypass 2/5 (40.0) 0/39 (0) 2/44 (4.5) 
Aortofemoral bypass 1/7 (14.3) 1/28 (3.6) 2/35 (5.8) 
` Profundoplasty 1/4 (25.0) 1/9 (11.1) 2/13 (15.4)t 
` Femoral embolectomy 5/10 (50.0)} 1/16 (6.3) 6/26 (23.1)1 
Femoral aneurysm 3/4 (75.05 0/6 (0) 3/10 (30.0) 





* Includes femoral endarterectomy and femerofemoral bypass. 
t p < 0.03, no antibiotic vs Cephradine (I vs II and III and IV). 
ip < 0.01, individual procedure vs all procedures. 


+ No loss of limb or life with follow-up of 10, 28, 29, and 35 months. 


fection was markedly reduced in each of the risk factor 
categories when cephradine was administered by either 
topical, intravenous, or combined routes. When all pa- 
tients were considered, infection rates were not in- 
creased among patients having a prolonged operation, 
an ischemic ulcer, or a synthetic graft in the groin 
incision. However, dry gangrene, obesity, and age 
greater than 70 were all associated with an increased 
incidence of infection although none of these increases 
was Statistically significant. 


Discussion 


Prior to the report of Kaiser and his associates!? 
opinions differed as to the need for prophylactic anti- 
biotics in "clean" vascular surgery. Although retro- 
spective, nonrandomized studies!*!5 had suggested that 
the incidence of wound and graft infections could be 
reduced by the use of prophylactic antibiotics, two 
large series in which no antibiotics were used reported 
equally low graft infection rates of 1.3% and 1.5%.14 
In 1978 Kaiser, et al.'? reported a prospective, random- 
ized study demonstrating that systemically administered 


TABLE 6. Incidence of Groin Infection by Risk Factors 
and Antibiotic Prophylaxis 





Infections/Patient (%) 





Antibiotic Prophylaxis 


I II and III 





No Anti- and IV All 

Risk Factor biotic Cephradine Patients 
Operations > 4 hr 1/4 (25.0)* 1/39 (2.6) 2/43 (4.7) 
Leg ulcer 2/10 (20.0)* 1/32 (3.1) 3/42 (4.8) 
Synthetic graft 3 13 3.1)? 1/39 (2.6) 4/52 (7.7) 
Dry gangrene 38 (37.5)* 1/20 (5.0) 4/28 (10.7) 
Obesity 7/18 (38.9)* 1/46 (2.2) 8/64 (12.5) 
Ages > 70 5/12 (41.7)* 1/32 (3.1) 6/42 (14.3) 





* p < 0.05, no antibiotic vs Cephradine (I vs II and III and IV). 
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cefazolin significantly reduced the infection rate among 
462 patients undergoing surgery of the abdominal aorta 
or lower extremity vasculature. The present study sup- 
ports the concept that systemically administered ceph- 
alosporins significantly reduce the infection rate in high- 
risk vascular procedures, namely those involving a 
groin incision. 

Considerable experimental and clinical data also sug- 
gest that topically applied antibiotics provide protec- 
tion against wound infection to a similar degree as sys- 
temic antibiotics.? In a retrospective study Lord and 
his associates! found only one wound infection among 
434 patients (0.23%) having arterial procedures with 
topical cephalothin and kanamycin prophylaxis. This 
low infection rate was compared with a 1.5% incidence 
of infections among 400 patients operated on previously 
with no antibiotic prophylaxis. These authors also con- 
ducted a prospective, randomized, and blinded study 
of topical antibiotics in 200 patients undergoing opera- 
tions for varicose veins. No Grade II wound infections 
were noted in either the antibiotic or the saline groups 
although minor skin changes did occur less frequently 
among those patients irrigated with an antibiotic solu- 
tion. Pollock and Evans'’’'* have also included patients 
having vascular procedures with a groin incision in their 
studies of topical antibiotic prophylaxis in general sur- 
gical operations. In comparison to the excellent results 
reported by Lord, et al.,'? in these studies groin wound 
infection rates were above 2546 despite the use of topi- 
cal antibiotics. 

In the present study topical antibiotics were shown to 
be equally as advantageous as systemically administered 
antibiotics, and the combination of topical and systemic 
antibiotics provided no advantage over either route 
alone. In fact, all three of the infections that occurred 
among patients receiving antibiotics were among those 
who had received both topical and systemic cephradine. 
One theoretical advantage of the systemic route of ad- 
ministration over the topical route is that better pro- 
tection can be provided against infection of the graft 
by a transient bacteremia in the postoperative period. 
However, the vast majority of graft infections occur- 
ring clinically have resulted from infection of the groin 
incision, and in only a very small percentage of cases 
has a transient bacteremia been documented to be the 
source of a graft infection.* In addition, experiments 
by Malone and associates'? have demonstrated that up 
to 30% of Dacron® grafts remain susceptible to infec- 
tion from a bacteremia up to one year after implanta- 
tion. Recent studies by Keighley, et al.*° and by Stone, 
et al.”! have failed to demonstrate any advantage of 
a five-day postoperative course of prophylactic anti- 
biotics when compared to a 24-hour perioperative 
course. Prolonged antibiotic administration increases 
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the risk of emergence of resistant organisms, and no 
evidence is presently available to prove the theory that 
continuation of systemic antibiotics over several days 
in the postoperative period reduces the risk of subse- 
quent graft infection. 

Studies by several investigators®*?* have shown 
that very high levels of antibiotics can be achieved 
within wounds after topical administration, that these 
high levels persist for a prolonged period, and that 
the levels achieved by topical administration are gener- 
ally higher than the levels achieved by the intravenous 
route. Studies by Sherr and Dodd”? have also shown 
that bacteria are inhibited after only a 60-second ex- 
posure to topically administered antibiotics. Topical 
administration also has the theoretical advantage of 
providing significant levels of antibiotics within the dead 
space and hematoma of a wound that may not be possi- 
ble with intravenous administration. The present study 
has documented that either systemic or topical anti- 
biotics can significantly reduce the incidence of groin 
wound infection in vascular surgery, and that no ad- 
vantage was obtained by combining these two routes 
of antibiotic administration. However, the fact that no 
differences could be demonstrated among the three 
antibiotic groups is more likely a function of the low 
infection rate found in the antibiotic treated patients 
(1.8%), and a much larger study population would be 
necessary to demonstrate a significant difference at 
this level of infection. 

This study has confirmed the findings of others!?- 15-17-18 
of a high incidence of infection in the groin incision 
in vascular surgery. In this study topical antibiotics 
were instilled in the groin incision while abdominal 
and leg incisions were irrigated with saline. Despite this 
fact, the overall incidence of infection in the groin in- 
cision was greater than in abdominal or leg incisions. 
The 22.646 incidence of groin wound infection among 
those patients receiving no antibiotic (Group I) seems 
high; however, examination of the literature reveals 
that this finding is consistent with rates reported by 
others. Szilagyi and his associates’? have reported in- 
fection rates of 6.4—11.1% among their patients under- 
going vein bypass surgery without prophylactic anti- 
biotics. Christenson and Eklöf!” have reported a 19% 
groin wound infection rate among 54 patients, some of 
whom received prophylactic antibiotics. Shaw and his 
associates!" noted a 26% incidence of infection in the 
groin incision while lumbar incisions for sympathectomy 
carried an infection rate of 1%. Evans and Pollock'?? . 
noted a 15.2% groin wound infection among 46 patients 
not receiving antibiotics and a 26.8% incidence of in- 
fection among 41 patients receiving cephaloridine. 

In the present study the age, incidence of various 
risk factors, and distribution of procedures performed 
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was not significantly different in the group that received 
no antibiotics when compared with those who received 
cephradine. Three factors that may have contributed 
to the high infection rate in the group that received no 
antibiotic in this study are: 1) the fact that these patients 
were nursed on an open ward, a factor that has been 
associated with an increased incidence of wound infec- 
tion,?* 2) only vascular procedures with a groin incision 
were included in this analysis, and 3) the inclusion in 
this study of a relatively large percentage of patients 
having either a femoral embolectomy or repair of a 
femoral aneurysm, procedures which were found to 
have a very high incidence of infection. The high rate 
of infection following femoral embolectomy (2396) may 
have been a reflection of persistent ischemia following 
embolectomy or of alterations in the immune status of 
these patients with severe underlying disease. The high 
incidence of infection following repair of femoral an- 
eurysm (30%) may result from bacterial colonization 
of these aneurysms as has been noted with abdominal 
aortic aneurysms.” In addition, femoral aneurysms 
may have a direct effect on the local tissues with com- 
pression or hematoma formation. 

One interesting observation was the failure of the 
presence of synthetic material within the groin incision 
to increase the incidence of infection. One of the factors 
that may have contributed to this finding is the fact 
that the majority of patients in whom prosthetic ma- 
terials were placed in the groin had undergone aorto- 
femoral bypass while only four of 44 femoropopliteal by- 
passes were performed with prosthetic grafts. Infection 
rates have generally been reported to be higher follow- 
ing femoropopliteal than aortofemoral bypass.?:!9:12.15 
In addition, patients undergoing femoral embolectomy, 
which was associated with a high infection rate, were 
included in the group in which no synthetic material 
was used. Thus, comparing patients who had synthetic 
grafts in their groin incisions with those who did not 
may be quite misleading because of the different opera- 
tive procedures performed in these two groups. As a 
result of these factors, the conclusion that synthetic 
graft material within the groin incision does not increase 
the incidence of infection should not be drawn from 
these data. 

Among the various risk factors which have been as- 
sociated with an increased incidence of wound infec- 
tion, the degree of contamination and the presence of 
bacteria within the incision at the time of closure have 
. been most closely correlated with the subsequent de- 
velopment of wound infection.!'?* Other factors that 
have been associated with an increased incidence of 
infection include advanced age, diabetes, obesity, mal- 
nutrition, prolonged preoperative hospitalization, pro- 
longed operation, and an open ward hospital environ- 
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ment.''** The presence of a remote site of infection 
has also been clearly associated with increased wound 
infection,?* and in patients having vascular reconstruc- 
tive procedures the presence of an active infection in 
the lower extremity increases the chance of infection.? 
Although patients with ischemic ulcers and surround- 
ing cellulitis and those with wet gangrene were not in- 
cluded in this study, patients with ulcers without evi- 
dence of cellulitis and those with dry gangrene were 
included. In this study the only risk factors associ- 
ated with an increased incidence of infection were age 
greater than 70 years, obesity, and the presence of 
dry gangrene. 

This study has confirmed the work of Kaiser and as- 
sociates'" demonstrating that systemic antibiotics sig- 
nificantly reduce the wound infection rate in patients 
having vascular surgery. In addition, this study has 
confirmed experimental work and retrospective clinical 
studies indicating that topical antibiotics are equally 
as effective as systemic antibiotics in reducing wound 
infection in these patients. There is presently no evi- 
dence that the combined administration of both topical 
and systemic antibiotics provides any advantage over 
either route alone. The potential advantage of the sys- 
temic route is that it can provide protection against a 
bacteremia in the early postoperative period while the 
topical route has the advantage of providing very high 
tissue levels of antibiotics to combat wound infection, 
which clinically is the most important cause of synthetic 
graft infection. Therefore, either route of antibiotic 
administration can be recommended; a clear advantage 
of one route over the other has not been established; 
and administration by both routes has not been demon- 
strated to provide additional protection. 
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DISCUSSION 


DR. JERE W. Lorp, JR. (New York, New York): Dr. Pitt's 
presentation is both constructive and affirmative in demonstrating 
that an antibiotic is a useful adjunct to good operative technique 
in vascular operations. The abstract states that there was a post- 
operative groin wound infection rate of 22.5% in the control series. 
This is a source of concern to me. Most studies report infection 
rates of 1-5%, with an average of 3%. 

I wish to comment on our continuing experiences with intra- 
operative antibiotic wound lavage in arterial and clean major general 
surgical procedures. 

Slide one outlines the important factors of hospital and operating 
room cleanliness and good surgical technique, including gentleness 
and careful hemostasis, crucial factors in maintaining a low post- 
operative infection rate. Do antibiotics play a useful supple- 
mentary role? 

Slide two outlines the important roles that host resistance and 
the numbers and virulence of bacteria play. Also relevant are the 
spectrum and tissue concentration of the antibiotics. 

Slide three notes that Harlan Stone determined the concentration 
in muscle and fat of the abdominal incision after preoperative 
intravenous administration of 1 g of cefazolin to be approximately 
10 ug/g. We use for lavage a concentration of antibiotics 100 times 
greater for intraperitoneal and 200 times greater for extraperitoneal 
procedures. 

Slide four describes our method of intraoperative antibiotic 
lavage which is carried out intermittently throughout the operation, 
5-10 ml every five minutes or so with a 50 ml bulb syringe. The 
antibiotics used are cephalothin and kanamycin. Total additional 
operative time is no more than two minutes per hour. 

Slide five is taken from Szilagyi's paper published in 1972 in 
Annals of Surgery. In 3,347 arterial procedures, postoperative wound 
infections occurred in 3.7%. 

Slide six, also taken from Szilagyi’s paper, showed that in 1.244 
aortofemoral prosthetic bypasses the infection rate was 3.0%: in 
110 femorofemoral prosthetic bypasses the infection rate was 4.5%. 
and in 270 femoropopliteal prosthetic bypasses the infection 
rate was 5.2%. 

Slide seven represents my personal experiences, which in private 
patients with 400 arterial and 185 clean major general surgical pro- 
cedures had a 30 day postoperative infection rate of 1.5% without 
antibiotic lavage. 


Slide eight shows my experience with 543 arterial and 325 clean 
major general surgical procedures in which there were no postopera- 
tive 30-day wound infections with intraoperative antibiotic lavage. 

Slide nine shows that of 543 arterial procedures there were 307 
patients having 372 groin incisions with 198 prostheses. The 30-day 
postoperative infection rate was 0%. 

Slide ten concludes that with good surgical technique plus intra- 
operative antibiotic lavage the 30 day postoperative infection rate 
shouid be 0%. 


DR. JESSE E. THOMPSON (Dallas, Texas): My own data cannot be 
compared strictly with Dr. Pitt's, since for 25 years in private 
practice I have routinely employed prophylactic antibiotics, both 
systematically and topically, in all vascular operations except those 
on the carotid arteries, and so I have no controls. 

I have used bacitracin, neomycin, and polymyxin as topical 
antibiotics. As for systemic antibiotics, like everyone else, I have 
used the one most effective at that particular point in time, going from 
penicillin to our present regimen of cefazolin. 

The infection rate in the groin and leg has been less than 1%, and 
I have had no early aortic graft infections in patients in whom 
elective procedures have been carried out. One of my patients had 
an acutely infected aorta after undergoing an emergency operation 
for a ruptured aortic aneurysm. 

The skin preparation I have used has been a ten-minute prepa- 
ration with pHisoHex® or povidone, and skin towels are routinely 
used. | am somewhat surprised that systemic and topical anti- 
biotics give the same results, since one of the basic principles in 
prophylaxis has been to achieve adequate precontamination tissue 
levels of the antibiotics. My colleagues and I start antibiotics either 
the night before or immediately prior to the operation. 

In Dr. Pitt's Groups 2, 3, and 4 there are really no statistical 
differences in the numbers, but the infection rate in Group 1, or the 
control group, is 22.6%, which is a rather high figure. Are there any 
other factors that Dr. Pitt could tell us about? For example, what 
is the incidence of second operations, of elective versus emergency ` 


operations, the incidence of groin hematomas, and especially of * 


groin seromas or lymph fistulas in Group 1, as compared with the 
other groups, since these are factors well known to increase the 
rate of groin infection. 

Finally, I certainly agree with Dr. Pitt's thesis, namely, that 
prophylactic antibiotics are essential adjuncts in vascular opera- 
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tions to prevent disasters, but they are not a substitute for meticulous 
surgical technique. 


DR. RocER D. WILLIAMS (Fort Lauderdale, Florida): There are 
two aspects of this study that should be of concern to all surgeons. 
The first has already been alluded to by previous discussants, and 
that is the high incidence of infection when antibiotics are not used. 
Where is the real evidence that the groin, or the femoral area, is 
really a nidus for high bacterial content compared with other areas 
of the body? 

Second, why should infection rate, not only in other countries, as 
reported here, but in our own country, vary so widely, even with the 
use of antibiotics prophylactically? 

In the last 11 1/2 years, my associates and I have had a completely 
uncontrolled series of 230 aortofemoral grafts with 460 femoral 
incisions. I say "uncontrolled' because we used antibiotics in all of 
them and chose the broad spectrum antibiotic popular at that time. 
None of our grafts became infected; none of our wounds became 
infected, although three patients had superficial wound sloughs asso- 
ciated with severe diabetes, and two had wound separations. 

In trying to determine why we have been so fortunate, I must 
ascribe it to wound care, not to antibiotics, for during this 11 1/2 years 
we have not used forceps or other instruments to pick up the sub- 
cutaneous tissues or skin, and we have closed all wounds with a 
running monofilament suture, which allows the blood to escape from 
the wound in these patients, whose wounds tend to ooze. 

I wonder if Dr. Pitt in closing would comment about whether or not 
he has standardized his wound care and closure. 


Dr. HENRY Pitt (Closing discussion): One of the major concerns 
of each of the discussants, and certainly one of our main concerns, 
was the high incidence of infection in the controls (slide). My 
colleagues and I sought reasons for this high incidence of infection, 
and I think we can answer several of the questions that were raised. 

In the paper by Kaiser and Dale and their associates presented 
here two years ago, they did report a very low infection rate in 
the groin, and this rate for patients who did not receive antibiotics 
was lower than has been reported by many others. 

Dr. Szilagyi' s figures were alluded to, and in many of his patients 
it is difficult to know whether there was a groin incision or not, but 
among his patients who had femoropopliteal bypasses, who did have 
a groin incision, there was an overall 11.1% infection rate. Now, 
many of these infections were what he termed secondary, and he 
states that those patients who did not receive antibiotics had a 6.4% 
primary groin wound infection rate. 

Pollock and Evans in England performed several studies on the 
incidence of infection in various operative procedures, looking at 
both topical and systemic antibiotics. In looking at their subset of 
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73 patients who had arterial procedures with a groin incision, the 
overall incisional infection rate was 17.896, with some of these 
patients, actually, two-thirds of them, receiving systemic or topical 
antibiotics. 

Christensen and Eklóf from Sweden reported their data on 54 
patients who had groin incisions and vascular operations. Ap- 
proximately one-half of them received antibiotics, with an overall 
18.5% infection rate in the wound. 

Another series from England by Shaw and his associates documents 
a 26% groin wound infection rate, while their patients who had 
lumbar incisions for lumbar sympathectomy had only a 146 infec- 
tion rate. 

I think one possible explanation why some of the data is dif- 
ferent from Sweden and the United Kingdom, in comparison to data 
that has been gathered in this country, is that the nursing situation 
in some hospitals is different. The hospital in which this study was 
performed was opened approximately 80 years ago. There are still 
large open wards, and this is one risk factor that has been associated 
with an increased incidence of infection. 

In addition, I might state that comparing our patients with those 
in many of the other studies that have been published is some- 
what difficult, because most studies really do not focus on groin 
wounds. Many of the infection rates reported are overall infection 
rates. Our procedures were only those involving a groin incision. 
There were no upper extremity incisions involved. There was also a 
relatively high percentage of patients who had emergency pro- 
cedures- femoral embolectomies and repairs of femoral aneurysms, 
both of which were found to be associated with a high incidence 
of infection. 

In answer to Dr. Thompson’s comments about his surprise that 
topically administered antibiotics were as good as systemically 
administered antibiotics, I believe the point that was raised about 
the high concentrations of antibiotics that can be achieved within a 
wound by the topical route is one explanation for why this group 
did so well. 

As far as the relative incidence of second, elective, and emergency 
operations and patients who had a seroma or hematoma as a po- 
tential cause for wound infection, those various factors were 
equally distributed among the four study groups. 

As far as wound care is concerned, all patients were treated 
in the same manner. First of all, they all had their operative area 
preoperatively prepared with a povidone-iodine solution both the 
night before the operation, when possible, and immediately before 
the operation. All wounds were closed similarly, with Dexon 
sutures being used in the deep tissues, and fine nylon sutures for the 
skin. We agree that every precaution should be taken to care 
for the wound. We cannot rely entirely on antibiotics, although 
antibiotics certainly do play a role in high-risk patients. 
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After parenteral narcotics... 





The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours.* 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 


Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence. Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive. CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease. and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Most frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient les down. Others: euphoria, dysphoria, 
constipation. skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription 

For information on symptoms. treatment of over- 
dosage, see full prescribing information 

Full directions for use should be read before adminis- 
tering or prescribing 
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r PIi” 
W 2h 


Urugs of Choice 1978-1979. St Louis, CV Mosby, 1978, 


maximum oral potency 





å n 


An oxycodone analgesic 





combination without APC 


TYLOX 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 


*Warning: May be habit forming. 
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* rapid control of nausea and vomiting 


* unsurpassed antiemetic action 
* 12 dosage forms and strengths 


Com 


brand of 


prochlorperazine 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Management of the manifestations of psychotic 
disorders; management of psychoneurotic patients displaying 
primarily symptoms of moderate to severe anxiety and tension; 
and for control of severe nausea and vomiting. 


‘Compazine’ has not been shown effective in the management of 
behavioral complications in patients with mental retardation. 


Contraindications: Comatose or greatly depressed states due to 
C.N.S. depressants; bone marrow depression; pediatric surgery. 


Warnings: The extrapyramidal symptoms which can occur 
secondary to 'Compazine' may be confused with the central 
nervous system signs of an undiagnosed primary disease 
responsible for the vomiting, e.g., Reyes syndrome or other 
encephalopathy. The use of 'Compazine' and other potential 
hepatotoxins should be avoided in children and adolescents 
whose signs and symptoms suggest Reye's syndrome. 


Avoid using in patients hypersensitive (e.g., blood dyscrasias or 
jaundice) to any phenothiazine. Caution patients about activities 
requiring alertness (e.g., operating vehicles or machinery) 
especially during the first few days' therapy. Prochlorperazine may 
intensify or prolong the action of other C.N.S. depressants. Not 
recommended for children under 20 pounds or 2 years of age. 


Use in pregnancy only when potential benefits outweigh hazards. 


Precautions: The antiemetic action of ‘Compazine’ may mask the 
signs and symptoms of overdosage of other drugs and may 
Obscure the diagnosis and treatment of other conditions such as 
intestinal obstruction, brain tumor and Reye's syndrome (See 
WARNINGS). Postoperative aspiration of vomitus has occurred in a 
few surgical patients who received prochlorperazine as an 
antiemetic. Deep sleep and coma have been reported, usually with 
overdosage. Patients on long-term therapy, especially high doses, 
should be evaluated periodically for possible adjustment or 
discontinuance of drug therapy. In children with acute illnesses 
or dehydration, use only under close supervision. Some solid 
oral dosage forms of Compazine' contain FD&C Yellow #5 
(tartrazine) which may cause allergic-type reactions (including 
bronchial asthma) in certain susceptible individuals. Although the 
overall incidence of FD&C Yellow #5 (tartrazine) sensitivity in the 
general population is low, it is frequently seen in patients who also 
have aspirin sensitivity. The solid oral dosage forms of ‘Compazine’ 
which contain FD&C Yellow #5 are in the process of being 
reformulated to remove it. For specific information, contact 

Smith Kline & French Laboratories (outside Pa., call toll-free 
1-800-523-4835, ext. 4262; in Pa., call collect 215-854-4262). 
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Dazine Injection 5 mg./ml. 


Adverse Reactions: Drowsiness, dizziness, amenorrhea, blurred 
vision, skin reactions. Hypotension. Cholestatic jaundice, 
leukopenia, agranulocytosis. Fatty changes in the liver have been 
observed in a few patients who died while receiving the drug 
(no causal relationship has been established). Neuromuscular 
(extrapyramidal) reactions: motor restlessness, dystonias, 
pseudo-parkinsonism, persistent tardive dyskinesia. Contact 
dermatitis is a possibility with concentrate and injectable forms. 


Other adverse reactions reported with Compazine 
(prochlorperazine, SK&F) or other phenothiazines: Some 
adverse effects are more frequent or intense in specific disorders 
(e.g., severe hypotension in mitral insufficiency or 
pheochromocytoma). 


Grand mal convulsions; altered cerebrospinal fluid proteins; 
cerebral edema; prolongation and intensification of the action of 
C.N.S. depressants, atropine, heat and organophosphorus 
insecticides; dryness of mouth, nasal congestion, headache, 
nausea, constipation, obstipation, adynamic ileus, inhibition of 
ejaculation; reactivation of psychotic processes, catatonic-like 
states; hypotension (sometimes fatal); cardiac arrest; pancytopenia, 
thrombocytopenic purpura, eosinophilia; biliary stasis; lactation, 
galactorrhea, gynecomastia, menstrual irregularities, false-positive 
pregnancy tests; photosensitivity, itching, erythema, urticaria, 
eczema up to exfoliative dermatitis; asthma, laryngeal edema; 
angioneurotic edema, anaphylactoid reactions; peripheral edema; 
reversed epinephrine effect; hyperpyrexia; a systemic lupus 
erythematosus-like syndrome; pigmentary retinopathy; with 
prolonged administration of substantial doses, skin pigmentation, 
epithelial keratopathy, and lenticular and corneal deposits. 


EKG changes have been reported, but relationship to myocardial 
damage is not confirmed. Discontinue long-term, high-dose 
therapy gradually. 


NOTE: Sudden death in patients taking phenothiazines (apparently 
due to cardiac arrest or asphyxia due to failure of cough reflex) has 
been reported, but no causal relationship has been established. 


Supplied: Tablets — 5, 10 and 25 mg., in bottles of 100; 
Spansule* capsules — 10, 15, 30 and 75 mg., in bottles of 50; 
Injection — 5 mg./ml. in 2 ml. ampuls, 10 ml. vials, and 2 ml. 
disposable syringes; Suppositories — 2-1/2, 5 and 25 mg.; 
Syrup — 5 mg./5 ml.; Concentrate (intended for institutional use 
only) — 10 mg./ml.; Single Unit Packages of 100 (intended for 
institutional use only) — 5 and 10 mg. tablets; 10, 15 and 30 mg. 
'Spansule' capsules. 
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Extended in vitro activity* 
against gram-negative 
organisms': Escherichia 
coli, Klebsiella pneumoniae, 
Proteus mirabilis, P. rettgeri, 
P morganii, P. vulgaris, 
Enterobacter,t and 
Haemophilus influenzae.*? 


Among newer cephalosporins, 
only Mandol has in vitro 
activity* against H. influenzae 
comparable to that of 
chloramphenicol and superior 
to that of ampicillin.3 


ItMANDOL ^ 


Cefamandole Nafate 


1 g (equivalent to cefamandole activity) in 10 and 100-ml-size vials. 





Demonstrated increased 

in vitro activity* against 
Enterobacter' as compared 
with other cephalosporins 4 


In vitro activity* against 
gram-positive organisms, 
including Staphylococcus 
aureus, S. epidermidis, 
beta-hemolytic and other 
streptococci,’ and 
Streptococcus pneumoniae. 


Mandol provides in vitro 
activity* against anaerobes.* 


Achieves therapeutic levels 
in pleural and joint fluids, in 
bile and bone.s 


May be.administered both 
I.M. and I. V. 
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See reverse side for summary of prescribing information. 


*In vitro activity is not necessarily indicative of clinical 
effectiveness. 


tPseudomonas, Acinetobacter calcoaceticus (formerly 
Mima and Herellea species). most Serratia, enterococci 
(e.g.. S. faecalis), and some strains of P vulgaris are 
resistant in in vitro tests. Initially susceptible strains of 
Enterobacter may occasionally become resistant during 
therapy 


tMost strains of Bacteroides fragilis are resistant in vitro: 
however, infections caused by susceptible strains have 
been treated successfully 


§ Tissue analysis gives primarily qualitative rather than 
meaningful quantitative data as to the presence or 
absence of an antibiotic in a particular body fluid or 
tissue. Therapeutic efficacy cannot be predicted by the 
‘level attained in a specific body fluid or tissue. 


Note: Mando! should be given cautiously to 
penicillin-sensitive patients and Is contraindicated in 
patients with known allergy to cephalosporins. 


References: 

1. Antimicrob. Agents Chemother.. 9:452, 1976. 
2. Antimicrob. Agents Chemother.. 8:679. 1975. 
3. Antimicrob. Agents Chemother., 8:91, 1975. 
4. Antimicrob. Agents Chemother., 9:994, 1976. 
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MANDOL "^v 


Cefamandole Nafare 
Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mando! is indicated for the treatment of serious infections caused 
by susceptible strains of the designated microorganisms in the diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococcus pneumo- 

niae (Diplococcus pneumoniae), Haemophilus influenzae, Klebsiella species, Staphylo- 
coccus aureus (penicillinase and non-penicillinase-producing), beta-hemolytic 
streptococci, and Proteus mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both indole-negative 

and indole-positive), Enterobacter species, Klebsiella species, group D streptococci 
(Note: Most enterococci, e.g., S. faecalis, are resistant), and S. epidermidis 
Peritonitis caused by E. coli and Enterobacter species 
Septicemia caused by £. coli, S. aureus (penicillinase and non-penicillinase-producing), 
S. pneumoniae, S. pyogenes (group A beta-hemolytic streptococci), H. influenzae, 
and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and non- 

penicillinase-producing), S. pyogenes (group A beta-hemolytic streptococci), H. 
influenzae, E. coli, Enterobacter species, and P. mirabilis 

Bone and joint infections caused by S. aureus (penicillinase and non-penicillinase- 

producing) 

Clinical microbiologic studies in nongonococcal pelvic inflammatory disease in females, 
lower respiratory infections, and skin infections frequently reveal the growth of susceptibile 
strains of both aerobic and anaerobic organisms. Mandol has been used successfully in 
these infections in which several organisms have been isolated. Most strains of Bacteroides 
fragilis are resistant in vitro; however, infections caused by susceptible strains have been 
treated successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefamandole. Therapy may 
be instituted before results of susceptibility studies are known; however, once these results 
become available, the antibiotic treatment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in 
patients with other serious infections in which the causative organism has no: been 
identified, Mandol may be used concomitantly with an aminoglycoside (see Precautions). 
The recommended doses of both antibiotics may be given, depending on the severity of the 
infection and the patient's condition. The renal function of the patient should be carefully 
monitored, especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should continue for at least 
ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to tht 
cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS 
HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn.infants, accumulation of other cephalosporin-class antibiotics (with 
resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, evaluation of 
renal status is recommended, especially in seriously ill patients receiving maximum doses. 

Prolonged use of Mando! may result in the overgrowth of nonsusceptible organisms. 
Careful abservation of the patient is essential. If superinfection occurs during therapy. 
appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of aminoglyco- 
side antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's or Fehling's 
solution or with Clinitest* tablets but not with Tes-Tape* (Glucose Enzymatic Tes: Strip, 
USP, Lilly). There may be a false-positive test for proteinuria with acid and denaturization- 
precipitation tests. 

As with other broad-spectrum antibiotics, hypoprothrombinemia, with or without 
bleeding, has been reported rarely, but it has been promptly reversed by administration of 
vitamin K. Such episodes usually have occurred in elderly, debilitated, or otherwise 
compromised patients with deficientstores of vitamin K. Treatment of such individuals with 
antibiotics possessing significant gram-negative and/or anaerobic activity is thought to 
alter the number and/or type of intestinal bacterial flora, with consequent reduction in 
synthesis of vitamin K. Prophylactic administration of vitamin K may be indicated in such 
patients, especially when intestinal sterilization and surgical procedures are performed. 

Usage in Pregnancy — Safety of this product for use during pregnancy has not been 
established. 

Usage in Infancy — Mando! has been effectively used in this age group, but all laboratory 
parameters have not been extensively studied in infants between one and six months of age; 
safety of this product has not been established in prematures and infants under one month 
of age. Therefore, if Mando! is administered to infants, the physician should determine 
whether the potential benefits outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosinophilia, and 
drug fever have been reported. These reactions are more likely to occur in patients with a 
history of allergy, particularly to penicillin. 

Blood — Thrombocytopenia has been reported rarely. Neutropenia has been reported, 
especially in long courses of treatment. Some individuals have developed positive direct 
Coombs tests during treatment with the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has been noted. 

Kidney — Decreased creatinine clearance has been reported in patients with prior renal 
impairment. As with some other cephalosporins, transitory elevations of BUN have 
occasionally been observed with Mandol; their frequency increases in patients over 50 
years of age. In some of these cases, there was also a mild increase in serum creatinine. 

Local Reactions —Pain on intramuscular injection is infrequent. Thrombophiebitis 
occurs rarely. [062679] 


Additional information available to the profession on request. 
Eli Lilly and Company 
Indianapolis, Indiana 46285 











Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 


This handy manual, packed with clinical data 
in easy-to-use outline form, is designed for in- 
stant use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 
Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 
criteria... Radiologic procedures that ure 
necessary ... Anesthesia considerations... 
Fluid and electrolyte replacement. 
The patient evaluating techniques, diagnostic 
steps and surgical treatment are presented 
step-by-step with each individual entry num- 
bered for simplicity. 
Subject matter includes emergencies occurring 
in the areas of general, orthopaedic, neuro- 
logic, ophthalmic, thoracic, plastic, urologic, 
head and neck, and pediatric surgery. 
All who are involved in surgical emergency 
treatment will appreciate this easy-to-use, 
time-saving manual. 
664 Pages è 50 Illustrations e 1974 
Flexible Binding e $27.50 


Lippincott 
J. B. Lippincott Company 
East Washington Square è Phila., Pa. 19105 


Please send me: 
O QUICK REFERENCE TO 
SURGICAL EMERGENCIES 


Name 
Address 
City 


O Payment enclosed O Charge and bill me 
(Save postage & handling) (Plus postage & handling) 


Also available at your medical bookstore. AS 9/80 


Postoperative Stroke in Cardiac and Peripheral 


Vascular Disease 


W. D. TURNIPSEED, M.D., H. A. BERKOFF, M.D., F. O. BELZER, M.D. 


The postoperative stroke rate in 330 patients requiring 
coronary artery (170) or peripheral vascular (160) surgery 
was compared with the presence of carotid bruits and the 
results of noninvasive screening (Doppler imaging and 
spectral analysis of flow) to determine prevalence and signifi- 
cance of carotid lesions and their relationship to periopera- 
tive stroke. Carotid lesions were suspected because of bruits 
in 70 patients with peripheral vascular disease (PVD) and in 
28 patients with coronary artery disease (CAD). Nonin- 
vasive tests showed high grade stenosis or occlusion in 62 
patients with PVD and in 14 with CAD. Forty-four patients 
with PVD and 101 patients with CAD had normal Doppler 
studies. The rest in both groups had plaquing without major 
stenosis. Noninvasive tests uncovered severe, occult lesions in 
only 13 patients (9 PVD, 4 CAD). Postoperative neurologic 
complications occurred in 16 patients (13 strokes: 5 PVD, 
8 CAD and 3 TIAs: 2 PVD, 1 CAD). Thirteen neurologic com- 
plications occurred in patients having nonstenotic plaques 
or normal carotids without bruits. Only three of the strokes 
and 1 TIA occurred in patients with bruits and detectable 
carotid stenosis. Few of the postoperative strokes or TIAs 
were focal (2 PVD, 1 CAD), and the rest were nonfocal. None 
of the postoperative strokes or TIAs were associated with 
postoperative carotid occlusion. Physical examination is not an 
accurate method of determining severity of carotid disease. 
Severe carotid stenosis is more common in PVD patients than 
in CAD patients, but there is no significant difference in post- 
operative stroke rate. No direct relationship has been found 
between a bruit, severity of disease, and incidence of peri- 
operative stroke. 


ANY STUDIES HAVE SHOWN that the presence of 
M a cervical bruit or a history of transient cerebral 
ischemia are associated with an increased incidence of 
subsequent stroke. However, little is known as to 
whether these same factors are associated with an in- 
crease in postoperative strokes. The purpose of this 
study is to determine the perioperative stroke rate in 
330 high risk patients requiring elective coronary artery 
or peripheral vascular reconstructive surgery and to 
correlate these events with the prevalence and severity 
of pre-existing carotid artery disease. 
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Materials and Methods 


Between July of 1977 and December of 1979, all 
patients admitted for elective coronary artery bypass 
or peripheral vascular reconstruction were pre- 
operatively screened for cervical carotid lesions. One 
hundred seventy patients with coronary artery disease 
(CAD) and 160 with peripheral vascular disease (PVD) 
were carefully questioned for symptoms of cerebro- 
vascular insufficiency and examined for cervical bruits. 
The clinically defined prevalence of carotid disease 
based on these findings was compared with the in- 
cidence and hemodynamic characteristics of carotid 
disease as determined by noninvasive testing. Doppler 
imaging and spectral analysis of blood flow signals was 
used for screening these patients. These noninvasive 
tests were performed before surgery in order to deter- 
mine the hemodynamic significance of suspected 
lesions and to detect clinically occult occlusive disease. 
This data was then correlated with the incidence of 
postoperative neurologic complications. Furthermore, 
postoperative noninvasive tests were performed on 
those patients with cerebrovascular complications in 
order to determine patency of the carotid vessels. 


Results 


There were significant risk factor differences be- 
tween the coronary artery patients and peripheral 
vascular patients with regard to age, incidence of 
hypertension, diabetes mellitus, and hyperlipidemia. 
The peripheral vascular group was older, and more 
frequently hypertensive and diabetic. Hyperlipidemia, 
on the other hand, was more common in the coronary l 
artery group (Table 1). Carotid artery lesions were 
suspected because of cervical bruits in 98 patients 
(30%:28 CAD, 70 PYD). Bruits were more prevalent 
in the PVD group (Table 2). The diagnosis of carotid 
disease was suspected on the basis of previous cerebral 
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TABLE 1. Incidence of Hypertension, Diabetes, and Hyperlipidemia 
in Cardiac and Peripheral Vascular Patients 


Hyper- Hyper- 
Age tension Diabetes lipidemia 
CAD (170 Patients) 52 34 19 24 
PVD (160 Patients) 60 90 37 10 


TABLE 2. Estimated Prevalence of Carotid Occlusive Disease 
Based on Cervical Bruit 


Total Unilateral Bilateral 


CAD (170 Patients) 28 14 14 
PVD (160 Patients) 70 25 45 


ischemic symptoms in 108 patients (33%:39 CAD, 69 
PVD). A history of focal ischemic symptoms was more 
common in the peripheral vascular patients. Less than 
half of the clinically symptomatic patients had cervical 
bruits (Table 3). Based on a history of cerebral ischemia 
and/or the presence of a cervical bruit carotid artery 
disease was suspected in 155 patients (47%:57 
CAD, 98 PVD). 

Noninvasive testing showed that 45 of the 98 patients 
with cervical bruits did not have significant carotid 
stenosis, and demonstrated unexpected complete oc- 
clusion of the internal carotid artery in 11 patients (7 
with bruits, 4 without bruits). Severe occlusive disease 
in the absence of clinical signs or symptoms was 
uncovered by noninvasive testing in 17 patients (5%: 
CAD 2, PVD 15). On the basis of noninvasive test 
results alone, carotid occlusive lesions occurred in 103 
patients (31%:CAD 20, PVD 83) (Table 4). 

Postoperative cerebral ischemia occurred in 16 pa- 
tients (CAD 9, PVD 7). This is 4.8% of the study group. 
There were 13 strokes and 3 TIAs. Six of these were 
focal suggesting carotid origin, the rest were diffuse 
neurologic deficits. Ten of the 16 patients with defi- 
cits did not have bruits, and only five had carotid 
stenosis (Tables 5 and 6). None of the patients that 
developed a neurologic complication had postoperative 
carotid occlusion by noninvasive testing. In no patients 
with a clinically occult stenosis or occlusion did a 
postoperative complication occur. Only three of the 


TABLE 3. Estimated Prevalence of Carotid Occlusive Disease Based 
on Previous History of Cerebral Ischemia 








Bruits No Bruits Totals 
CAD (170 Patients) 10 29 39 
PVD (160 Patients) 41 28 A9 
108 
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TABLE 4. Prevalance of Carotid Occlusive Disease 
Based on Noninvasive Testing 


Stenosis Occlusion 
CAD (20 Patients) 20 = 
PVD (83 Patients) 72 11 


Total (103 Patients) 


patients with perioperative stroke had a history of 
previous cerebral ischemic symptoms. 


Discussion 


Although the relationship between stroke and the 
presence of carotid occlusive disease has been firmly 
established, the concept that postoperative stroke is 
the result of surgically untreated carotid disease needs 
to be more adequately evaluated.*^? Indeed, there is 
evidence to suggest that the presence of cervical 
bruits and/or cerebral ischemic symptoms may not be 
accurate indicators of perioperative stroke risk. 
Postoperative strokes are rare events, and occurred 
in only 4.8% of our study group. This is consistent 
with the clinical experience of other investigators.! ?:5: 
Most of these neurologic deficits were not lateralizing 
or focal suggesting diffuse cerebral ischemia. Ten of 
the 16 patients with postoperative cerebral ischemia 
(63%) did not have cervical bruits, and only five pa- 
tients (31%) had carotid stenosis. Most of the patients 
with postoperative stroke or TIAs had normal or non- 
stenotic plaquing disease in the carotids. Three of the 
stroke victims had a previous history of cerebral 
ischemia. None of the neurologic complications were 
associated with postoperative carotid occlusion. The 
incidence of postoperative stroke was not appreci- 
ably different for the coronary artery or peripheral 


TABLE 5. Incidence of Cervical Bruit in Patients 
with Postoperative Cerebral Ischemia 








Stroke TIA 
Bruit No Bruit Bruit No Bruit 
CAD (9 Patients) 2 6 — | 
PVD (7 Patients) 2 3 2 — 





TABLE 6. Incidence Carotid Occlusive Disease in Patients 
with Postoperative Cerebral Ischemia 





Stroke TIA 
Normal/Wall Stenosis Normal/Wall Stenosis 
Disease Disease 
CAD (9 Patients) 6 2 l — 


PVD (7 Patients) 3 2 l l 
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vascular patients despite the fact that the preva- 
lence of carotid occlusive lesions was significantly 
higher in the PVD group. However, in the CAD group 
there was a higher incidence of diffuse neurologic 
deficits. 

Noninvasive tests suggest that the prevalence of 
carotid occlusion is overestimated and that physical 
examination is not an accurate method of determining 
the severity of carotid disease. It shows that an ap- 
preciable number of cervical bruits are not related to 
carotid stenosis, that severe lesions can exist in the 
absence of clinical findings, that postoperative stroke 
may occur in the absence of occlusive lesions, and 
that perioperative neurologic deficits are rarely caused 
by carotid thrombosis. 

No direct relationship has been found between 
cervical bruit, the severity of carotid disease, and the 
incidence of perioperative stroke. Because of this we 
do not recommend routine prophylactic carotid 
endarterectomy prior to coronary artery bypass or 
peripheral vascular reconstruction except possibly 
in the case where the patient is actively having tran- 
sient cerebral ischemic symptoms. 


POSTOPERATIVE STROKE 
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DISCUSSION 


DR. VICTOR BERNHARD (Milwaukee, Wisconsin): Many surgeons 
have embraced the prejudice that the presence of a carotid bruit 
in a patient who is to undergo a major surgical procedure should be 
evaluated to rule out a significant stenosis which may produce a 
perioperative stroke. However, three previous studies in addition 
to the authors’ investigation consistently contradict that thesis. 
Whereas previous studies have relied on a carotid bruit to identify 
carotid stenosis, Dr. Turnipseed and his colleague have used a non- 
- invasive test more precisely to identify patients presumed to be at 
risk. In their hands, ultrasonic mapping and spectral analysis seem 
to be highly accurate, although in the hands of others these methods 
have not been quite as reliable. 

The broader issue raised by the authors is how to identify a patient 
who, during some major operative procedure, may be in danger of 
having a stroke. It is possible that by merely looking for stenosis, 
either by listening for a bruit or by noninvasive testing, we have 
all been looking at the wrong thing. 

(slide) This slide, which summarizes previous retrospective 
studies, demonstrates that postoperative stroke is infrequent and that 
there is no difference in the incidence of stroke regardless of 
whether the patient did or did not have a bruit, or even whether the 
patient did or did not have symptoms. 

Furthermore, it is important to note that those patients who did 
have strokes, and in the aggregate there were only six, invariably 
had this complication after the third postoperative day. This would 
seem to reduce our concern that a stenosis is a threat merely on the 
basis of hypoperfusion during the operative procedure. However, 
hypoperfusion may be a factor after the third postoperative day 
when we are monitoring the patient much less closely, at a time when 
the patient may also be in some poorly defined hypercoagulable 
state. I would think that a clearer understanding of the exact cause of 
postoperative stroke would help us to identify those patients at 
risk. In this regard, I would like to ask the authors if they could 


more carefully define the cause of the strokes that did occur in their 
patients in the postoperative period. 

The aggressive use of standard angiography as a preoperative 
screen may not only increase stroke morbidity but also lead to con- 
fusion. (slide) The patient whose angiogram is depicted on this slide 
entered the hospital for the repair of an asymptomatic abdominal 
aortic aneurysm. He had no neurologic symptoms but had bilateral 
carotid bruits. Because the patient was reluctant to have carotid 
angiography, we proceeded to repair his aneurysm forthwith. On 
the seventh postoperative day left hemispheric symptoms developed 
—transient ischemic attacks, and the patient underwent angiog- 
raphy. On the right side the bruit was caused by a rather menacing 
60% stenosis with ulceration, whereas the left sided murmur was 
produced by an external carotid lesion. If we had seen this angio- 
gram preoperatively, we would have operated on his right side, but 
I will remind you that his symptoms were related to the left-sided 
cerebral circulation. 

This anecdote highlights the problem of identifying patients under- 
going major surgical procedures who are at risk for a cerebrovascular 
complication. Another point to be considered, therefore, is whether 
or not other noninvasive techniques may be helpful to us in identify- 
ing these patients. Specifically, will the use of computerized 
intravenous angiography under investigation at the authors' institu- 
tion be able to define patients who have extracranial or intracranial 
lesions that may be significant? 


DR. Jesse E. THOMPSON (Dallas, Texas): As Dr. Shires stated, 
one of the unsolved problems in carotid surgery has been the risk 
posed by an asymptomatic carotid bruit in patients undergoing 
operation in areas other than the carotid artery. The incidence of 
stroke after any operation is really quite low, but accidents continue 
to occur in patients with and without carotid bruits. 

We have performed prophylactic carotid endarterectomy when we 
thought patients were at risk, but not very often. In a consecutive 
series of 108 abdominal aortic aneurysms, we did carotid endarterec- 
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tomies on eight patients prior to aneurysmectomy, and no patient 
had a stroke associated with the aneurysm operation. 

We have tried to determine the functional hemodynamic signifi- 
cance of carotid lesions in an effort to decide which patients should 
have arteriography and possible prophylactic operation. For this we 
have used the Kartchner OPG, or oculoplethysmography test, which 
indicates an actual decrease in carotid blood flow, and have found it 
quite helpful. 

The largest series of the use of this test is that of Kartchner 
himself, and I have Dr. Kartchner’s permission to quote his data 
to you. In a series of 234 patients undergoing cardiovascular 
procedures, including cardiothoracic, abdomina! vascular, and 
peripheral vascular operations, 192 had normal OPG’s, and only two 
of these, or 1% had strokes related to operation. 

By contrast, among 42 patients with abnormal OPG's—that Is, 
with moderate to marked carotid flow reduction— one patient had 
a stroke on the day before operation, and seven had strokes asso- 
ciated with the operation, for an incidence of 17 per cent operation- 
related strokes. 

OPG testing, which indicates a hemodynamically significant 
reduction in carotid blood flow, may thus be helpful in pointing out 
the patient at risk for stroke. I believe, therefore, that there is a 
direct relation between the severity of carotid disease and the in- 
cidence of perioperative stroke, when one can cemonstrate sig- 
nificant flow reduction. 

I would like to ask Dr. Turnipseed two questions. In his series 
of 160 patients with PVD, 70 had bruits, an incidence of 44%. As a 
rule, in most series the incidence runs no more than 15 to 17%. How 
does he explain this high incidence in his patients? 

Second, in 70 patients with bruits, 62 had positive noninvasive 
tests. or 88.6% of the 70, or 30% of the total of 16) patients. Ordi- 
narily, the incidence of positive OPG's in patients with asymptomatic 
bruits is no more than 10 to 15%. I would like to know his criteria 
for a positive test, in order to explain this high incidence of positivity 
in the particular noninvasive examination he is using: the figures are 
much too high. 


DR. WILLIAM TURNIPSEED (Closing discussion) In response to 
Dr. Bernhard's questions, the majority of the focal, or lateralizing, 
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symptoms tend to occur hours or days after the patient returns to 
the recovery area. The diffuse and more nonspecific neurologic 
complications that we more often see in the cardiac group can occur 
even earlier, but they are more difficult to detect until the patient 
is awake, so again they are usually detected hours or days after 
the patient is back in the recovery room. 

I am not sure as to the exact cause of postoperative stroke. 

There is a possibility that the technique we are currently using— 
Doppler imaging and spectral analysis— may not give us enough 
information about the cause of postoperative stroke. Most non- 
invasive tests cannot accurately identify minor stenoses and in- 
cidence of ulceration, which may, in fact, have some bearing on the 
embolic origin of postoperative stroke. (slide) The arteriograms that 
you see here are the product of computerized fluoroscopic enhance- 
ment of intravenously administered contrast agent. About 40 ml 
of dye given through the basilic or cephalic vein in the arm will give 
an image of contrast clarity similar to that of intraluminal arterio- 
grams. This technique can identify normal carotid arteries and it can 
identify gross abnormalities, such as complete occlusion. This is a 
sore point for noninvasive techniques, because they will often miss 
total occlusion. (slide) Intravenous arteriography can also identify 
the subtle changes such as minor stenosis and ulceration. 

This kind of information can perhaps be useful to us in the future. 
Intravenous arteriography can be done on an outpatient basis. It 
does not require hospitalization, is cost efficient, can be used to 
look at large numbers of patients and will perhaps give us an under- 
standing of the role of the ulcerative and minor stenotic disease. 

I appreciate Dr. Thompson's questions as to our criteria and the 
sensitivity of our technique. Until intravenous arteriography be- 
came available, Doppler imaging with spectral analysis was the most 
precise way of identifying local hemodynamic changes in the neck. 
Doppler imaging and spectral analysis may be too sensitive. We 
can identify minor wall changes causing turbulence and include 
plaqueing with minor stenosis as a positive study. This probably 
accounts for the higher incidence of positives in our study group. 

The lack of correlation between stroke and physical findings would 
suggest that maybe it is the minor wall disease in the presence of 
operative coagulopathy, or some other process that we do not clearly 
understand, that could be the cause of this problem. 


Development of a Nonthrombogenic Collagenous 


Blood-prosthetic Interface 
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Investigations to develop an implantable assist pump for pro- 
longed circulatory support have been impeded by accumulation 
of friable thrombus on the prosthetic interface, with subsequent 
embolization. To circumvent this problem, the textured, fibril 
surface of a polyurethane pump chamber (mat thickness 430 
microns) was inoculated with cultured bovine fetal fibroblasts 
(labelled with thymidine-14C) prior to animal implantation. 
The pneumatically actuated device (stroke volume 75 ml), main- 
tained a pulsatile blood flow throughout each study. In 20 calf 
experiments, extending up to 335 days, 30 x 10° fibroblasts (in 
50 ml media) derived from a single Holstein fetus were 
distributed on the urethane surface (360 + 50 cells/mm?) by 
rotation of a sealed device for three hours (12 revolutions/ 
hour). Following connection to the circulation, cell washout was 
minimal. Resultant biologic linings, examined after animal 
sacrifice, were densely adherent to the underlying polymer 
matrix, and varied in thickness from 250 jum-1.5 mm. 
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Microscopically, fibroblasts were identified from the surface to 
base, accompanied by numerous collagen bundles and 
abundant ground substance. Amino acid analysis in 10/20 
pumps implanted for 31—335 days, revealed 50 + 5 Hydroxy- 
proline residues/1000 residues (50% collagen) and scant elastin. 
Donor fibroblasts were identified by radioautography and karyo- 
typing. Lack of immunologic response in 12 Hereford pump 
recipients was confirmed by serial fibroblast cytotoxicity as- 
says. In conclusion, an induced collagenous-blood interface 
permitted prolonged mechanical circulatory support in animals 
without thromboembolic complications. 


NVESTIGATIONS TO DEVELOP an implantable left ven- 
tricular assist system for patients with chronic myo- 

pathic disease have been inhibited by lack of blood 
compatible biomaterials. Progressive accumulation of 
thrombus on flexing polymer surfaces has character- 
ized many experiments, resulting in either systemic em- 
bolization of lining fragments or a progressive reduc- 
tion in pump chamber compliance.' ? In an effort to 
extend the interval of effective circulatory support, a 
collagenous lining was produced on the fibrillar blood 
contacting surface by inoculating it with cultured, bo- 
vine, fetal fibroblasts. Fetal cells were used because 
previous investigations had demonstrated their unusual 
prolificacy and collagen producing capacity.*” 

Initial experiments involved application of Holstein 
fibroblasts on pump surfaces implanted in Holstein 
calves. Although a satisfactory lining resulted, the in- 
bred nature of Holstein cattle did not provide a suit- 
able test for the immunologic aspects of the investiga- - 
tion. Consequently, a system was employed in which 
detectable histoincompatibilities existed, consisting of 
Hereford calf recipients implanted with Holstein fibro- 
blast seeded devices. The absence of immune sensitiza- 
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tion in these animals suggests a more extensive trial of 
cultured fibroblasts as a means of producing a nonthrom- 
bogenic lining in other cardiovascular prostheses. 


Methods 


The model XI experimental blood pump employed 
in these investigations has been described previously.* 
It was an axisymmetric device (stroke volume 85 ml) 
with a cylindrical, polyurethane pump chamber fabri- 
cated from Biomer§§ and enclosed in a Titanium hous- 
ing.’ ? The pump was interposed between the left ven- 
tricular apex and descending thoracic aorta of Holstein 
and Hereford calves, and included inflow and outflow 
Dacron* conduits each containing a glutaraldehyde- 
preserved porcine xenograft valve. The tissue valves 
provided unidirectional flow through the pump cham- 
ber, whose lining consisted of textured polyurethane 
fibrils 18 uum in diameter, and 510 um in length (mat 
thickness of 430 um). Preparation of the surface was 
begun by fabricating a transfer mold of Silastic J pre- 
viously cast against an electrostatically-flocked master 
mandrel. The surface of the master mold was covered 
with nylon monofilaments, 3 denier in diameter, pre- 
cision cut to 430 um in length. Upon completion of 
the flocking procedure, the Silastic J mixture was poured 
into the master mandrel and allowed to cure at room 
temperature for 24 hours. Following curing, the Silicone 
transfer mold was separated from the master mandrel. 
At this stage, the nylon monofilaments were embedded 
in the'silicone transfer mold, and the mold was placed 
in 3076 phenol/methylene chloride. This solution pref- 
erentially dissolved the embedded monofilaments but 
was innocuous to the silicone. A negative-replica sili- 
cone mold was obtained when all the monofilaments 
had been dissolved, leaving a surface replete with in- 
vaginations. Pump chambers were produced by emers- 
ing the negative-replica mandrel into a low-viscosity 
solution of Biomer?.!?:1! 


Experimental Procedure 


In 20 fibroblast seeded pump implantations in 80— 
90 Kg calves, pulsatile flows were maintained between 
4.0—5.0 L/minute until they were killed (31—335 days 
postoperatively). All animals received intravenous hep- 
arin for a total of three days (5000 units) every four 
hours, until satisfactory anticoagulation with sodium 
warfarin could be established (prothrombin time 22- 
28 seconds). Anticoagulation was discontinued in sur- 
. viving calves after 180 days (Table 1). 

The device was implanted through a left lateral thora- 
cotomy incision in the sixth intercostal space, and placed 
between the apex of the left ventricle and the descending 
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thoracic aorta. A pneumatic actuating system was em- 
ployed to pulse the pump asynchronously at a rate of 
70/minute, incorporating a stroke volume limiter in 
the system to prevent over-collapse of the polyure- 
thane chamber.*?:!* 


Cell Culture Technique 


Holstein fetuses, 2.0—4.0 months gestation, were ob- 
tained for use with the placental membranes intact. 
After exposing the fetus under sterile conditions, the 
ligamentum nuchae was excised and cleansed in Hanks 
Balanced Salt Solution" ' (HBSS). This tissue was minced 
into 1.0 g segments, placed in Sevoian's complete me- 
dium with 10% bovine fetal calf serum, and incubated at 
37 C in a humidified atmosphere (containing 5% CO»). 
Cell outgrowth was noted within 48—72 hours, and 
when a uniform monolayer developed, fibroblasts from 
the primary culture were harvested, subdivided and 
stored in liquid nitrogen at —195 C (after three to six 
passages).*^ 


Identification of Fetal Fibroblasts Within Developed 
Collagenous Linings 


Radioautography 


Thymidine-14C* (specific activity 54—58 mCi/mMol, 
radiochemical purity over 99%), was used to tag all 
fibroblasts employed in these experiments. Cultured 
cells were exposed to thymidine-14C (20 4C1/200 ml) 
and incubated at 37 C for a period of 72 hours. Cells 
were harvested, as previously described, in unlabeled 
medium for pooling and the subsequent attachment 
procedure. At the time of calf sacrifice, radioautography 
was performed on strips of the lining material (approxi- 
mately 1 mm thick x 0.5 cm wide and 1.0 cm long) 
fixed in cold 3% glutaraldehyde and embedded in paraf- 
fin. Approximately 25 6.0 micron thick sections of each 
sample were cut on an AO microtome, mounted on glass 
slides, and deparaffinized. The slides were dipped in 
Kodak NTB-2 nuclear emulsion? and stored in light- 
tight boxes for 7-21 days. At regular intervals there- 
after, emulsion-coated slides were developed in Kodak 
Microdol X®, rinsed in distilled water, fixed in Kodak 
rapid fixer®, stained with Hematoxylin and Eosin. Each 
slide was observed in a Wild M-20® phase contrast 
microscope, (bright field) and (dark field) photomicro- 
graphs of the biologic material and the developed silver 
grains were recorded on Polaroid type 52® film. '?:! 


Karyotyping 


In these experiments, fibroblasts from either a male 
or female bovine fetus were inoculated on the pros- 
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TABLE 1. Animal Experiments of 6—12 Months Duration: Anticoagulation Discontinued After 180 Days 


Calf Duration 
No. (days) 


Gross Description of Pump 

Breed Chamber Lining 

l 335 HE” Gray transparent lining with minimal 
foci of calcification at inflow 

flange; surface entirely thrombus 

free; central area 0.2-0.6 mm in 
thickness; inflow and outflow 
regions thicker (0.5-1.5 mm) 


2 283 HE Gray-white membrane (0.4-1.0 mm 
thick); inflow, middle and outflow 
areas well attached to underlying 
fibrils; 5.0 x 5.0 mm patch of 
calcification present at inflow 
flange; surface entirely free of 


loose thrombus 


3 273 HE Smooth, gray, glistening membrane 
densely adherent to underlying 
fibrillar polyurethane matrix; no 


loose thrombus on surface 


Gray-white membrane with 3 x 2 
mm nodules of calcification at 
inflow and outflow areas. Few 
patches of fibrin present. Firm 
attachment of lining to polyure- 
thane matrix; thickness at inflow. 
(0.2-1.2 mm), middle (0.2-0.6 
mm) and outflow (0.4-1.5 mm): 
surface foci of thrombus 


5 183 HOt Smooth gray-white membrane 
present with swirling pattern in 
middle section. Foci of 
calcification present; thickness 
varied from 0.4-1.0 mm inflow, 


middle and outflow areas 


Extensive soft tissue infection 


Elective sacrifice: infection 


Elective sacrifice: soft tissue 


Pneumonitis (RT lung and left 


Outflow conduit obstruction 


Reason for Termination 
of Experiment Summary of Light Microscopy 
Collagenous lining with moderate 
fibroblastic proliferation; dense 
collagen bundles and few cells in 
central zone; cellular at base and 
luminal areas 


commencing in percutaneous 
tube tract; loculated 
empyema Staphylococcus 
Aureus) 


Dense collagenous lining with 
uniform cellularity (8— 10 cells/100 
am’); cells are spindle shaped, 
elongated and oriented in a 
circumferential direction with 
their largest axis 


present in percutaneous tube 
tract (S. aureus) 


Dense collagenous tissue with 
fibroblasts scattered from base of 
lumen; no round cells found in 
collagenous layer. Few giant cells 
at base, and calcium particles 
surrounded by inflammatory 
round cells 


infection in percutaneous 
tube tract (Escherichia coli) 


Collagen and fibroblastic cells at 
basal, middle and luminal areas. 
Occasional foci of calcification 


lingula) 


Fibroblastic cells at luminal, middle 
and basal areas; dense collagen 
fibers in two layers (middle and 
base); occasional giant cells and 
debris at base 


secondary to xenograft valve 
calcification 


EEE 


* Hereford calves. 


thetic pump surface, and implanted in a calf recipient 
of the opposite sex. At the time of animal sacrifice and 
autopsy examination, (under sterile conditions), a speci- 
men of the biologic lining was obtained. Fibroblasts 
were grown in culture (from this material) and identi- 
fied as male or female in origin, (containing XY or XX 
chromosomes). Spleen cells of the pump recipient were 
also cultured for chromosome comparison with the bio- 
logic lining. Cell procurement for chromosome cytol- 
ogy involved standard tissue culture methods including 
trypsinization of the tissue, incubation of resulting cells 
and addition of colchicine 65-70 hours later.!? 


Fibroblast Inoculation Technique 


Approximately 30,000,000 cultured fibroblasts from 
a single donor fetus were pooled and susupended in 
50 ml of complete media. A cell count was performed 
on an aliquot of the suspension to obtain cell concen- 
tration, and the suspension was transferred into a sterile 
. pump chamber contained within a tightly sealed tita- 


t Holstein calves. 


nium housing. This housing was rotated in a mechani- 
cal device for three hours at 12-15 revolutions/hour, 
and remained at room temperature (22 C) under sterile 
conditions until ready for implantation (Fig. .1). At 
the appropriate time, the culture medium supernate 
was drained away and collected to determine cell re- 
tention by means of a repeat cell count. A retention rate 
of approximately 60% provided distribution of 360 cells/ 
mm^ and proved to be satisfactory for these studies 
(Fig. 2). Viability of the cells following rotation within 
the pump chamber was evaluated by plating the resid- 
ual cells returned from the device and observing the 
growth pattern of subsequent passages.** 


Immunologic Determinations 
Lymphocyte Isolation 


Peripheral blood from Hereford and Holstein calves 
was anticoagulated with preservative-free Heparin (100 
units/ml). Hank's Balanced Salt Solution (HBSS) was 
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Fic. 1. Photograph of a mechanical rotational device containing a 
metal box into which the sealed pump housing is placed. The 
container and pump housing are maintained in sterile condition until 
the time of pump implantation. Mechanical rotation is undertaken for 
three hours at 12-15 revolutions/hour at room temoerature. 


used to dilute the blood 1:1 and separated on Ficoll- 
Paque gradients. The interface cells were collected, 
washed with HBSS and resuspended at | x 10° cells/ 
ml in RPMI 1640 medium## containing 10% fetal 
calf serum*** 2 mM L-glutamine and antibiotics (50 
U/ml, penicillin; 50 ug/ml, streptomycin. 50 units/ml, 
kanamycin; and 50 units/ml mycostasis (complete me- 





# Pharmacia Fine Chemicals, Piscataway, New Jersey. 
## Flow Laboratories, Rockville, Maryland. 
*** Microbiological Associates, Bethesda, Maryland. 


Ann. Surg. e September 1980 


dium). The lymphocytes were either cultured or as- 
sayed directly. 


Mixed Lymphocyte Culture (MLC) 


Time course studies of the primary blastogenic re- 
sponse of a one-way mixed lymphocyte culture were 
conducted in round-bottom microtiter plates (Linbro, 
Hamden, CT). The ‘‘responder’’ cells (Ficoll-Paque 
isolated) were suspended at 2 x 105 cells/ml and 4 x 10° 
cells/ml. The MLC assay consisted of 0.1 ml/well of the 
"responder'' suspension (2 x 10° cells) and 0.1 ml/well 
of the ‘‘stimulator’’ suspension (2 x 10° cells and 4 
x 10° cells), a responder:stimulator ratio of 1:1 and 1:2. 
The Microtiter plate was incubated at 37 C in an in- 
cubator with 596 carbon dioxide for 72, 96, and 120 
hours and received 10 lambda of 1:50 dilution of ?H- 
thymidine in RPMI 1640 (New England Nuclear, specific 
activity 1.0 mCi/ml) 12-18 hours prior to harvesting. 
The cells were collected directly onto filter paper strips 
by a multi-automatic sample harvester (MASH, Micro- 
biological Associates). The strips were dried at 100 C 
for 20-30 minutes and placed into counting vials; the 
radioactive incorporation was determined in a liquid 
scintillation counter. The control wells received 0.1 ml 
of the responder suspension and 0.1 ml of fresh RPMI 
1640 complete medium. !? 

Primary MLC for cytotoxic lymphocytes consisted of 
"responder" cells suspended at 2 x 10° cells/ml in 
RPMI 1640 complete medium and irradiated *'stimu- 
lator" cells (5000 rad) suspended at 2 x 10° cells/ml 
in RPMI 1640. They were cultured together at a 1:1 
responder:stimulator ratio in 50.0 ml conical tubes 





Fic. 2. A scanning electron micrograph x 1000 showing a urethane fibril and attached fibroblasts. 
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(Falcon, 2070) at a total volume of 10.0 ml/tube. These 
cultures were incubated (37 C) in a CO, environment 
for four days, the peak of the blastogenic response, 
at which time they were washed twice with HBSS. 
Viability was checked by trypan-blue exclusion, and 
cells were resuspended at 1 x 10° cells/ml in RPMI 
1640 complete media for use in the cytotoxicity as- 
say.!7.1 


Sodium Chromate Release Cytotoxicity Assay 


Early passage Holstein fetal fibroblasts in 100 mm 
tissue culture dishes (during logarithmic and/or station- 
ary growth) were washed with HBSS, trypsinized and 
resuspended at 5 x 10* cells/ml in complete medium. 
At this point, 100 wCi of Sodium Chromate (Cr-51) 
was added (1 mCi/ml, specific activity 795.3 mCi/mg) 
to 10 ml of the cell suspension. One x 10* cells (0.2 ml) 
were pipetted into each well of a flat bottom microtiter 
plate and after overnight cell attachment, the medium 
was removed, each well washed twice with HBSS. 
Effector cells were then added, with a final effector: 
target ratio of 100:1 and 50:1. Control wells were cul- 
tured with a 0.2 ml of RPMI 1640 complete medium 
without lymphocytes. The plates were incubated for 
18-20 hours and then were centrifuged (2000 RPM) 
for five minutes. One hundred à of supernatant was 
removed from each well, pipetted into a small test tube 
and counted in a gamma counter, (Packard Autogamma 
Scintillation Spectrometer).!?7?' The percentage of iso- 
tope release was calculated as follows: 


Test — Spontaneous Release 


10076 Release 
— Spontaneous Release 


Cr-51 Release = x 100 


The 100% release wells contained target fetal fibro- 
blasts and complete medium, to which 10 A of 20% 
Triton X was added during the incubation. The spon- 
taneous control wells contained labelled fibroblasts and 
complete media without Triton X. Tests wells contained 
target fibroblasts and effector cells. 

Assays were prepared in quadruplicate. To minimize 
possible technical errors in plating, target cells were 
plated in a vertical row while effector cells were added 
in horizontal rows. The standard deviation of control 
wells was +5%. Release radioactivity of more than 
10%, and increase of greater than 2 standard deviations 
as compared to control lymphocytes, was considered 
to represent significant cytotoxicity (p — 0.05). 


Biochemical Assay of Lining Material 


Sections of biologic lining were removed at the time 
of autopsy examination and placed in sterile Dulbecco's 
modified Eagles medium supplemented with 10% fetal 
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bovine serum and antibiotics. Total amino acid analy- 
ses were conducted by homogenizing aliquots of the 
material and subjecting it to 6 NHCI (hydrolysis) at 
105 C for ten hours in vacuo. Following this, the solu- 
bilized material was concentrated and analyzed on an 
automated amino acid analyzer. Collagen extraction 
procedures, derived by Trelstad and Faris, were under- 
taken, and the purified collagen- amino acid composi- 


22—24. 


tion determined.?? ^? 


Histologic Examination 


Specimens of the chamber lining were dehydrated 
through a series of alcohols, and embedded in paraffin. 
Hematoxylin and Eosin (H & E) stain was used for 
light microscopy (morphology), Masson trichrome for 
connective tissue and collagen, Verhoeff van Gieson for 
elastic and interstitial tissue components, and Alcian 
blue-PAS for acid polysaccharides. 

Transmission electron microscopy was performed 
in some specimens by fixing with 2.596 glutaraldehyde 
in 0.1 M cacodylate buffered to a pH of 7.0 (for one 
hour at room temperature), and washed in 0.1 M caco- 
dylate containing 726 sucrose. Postfixation was accom- 
plished with 1% aqueous osmium tetroxide (one hour 
at room temperature). Specimens were then dehydrated 
in a graded series of ethanol, embedded in Araldite, 
and cut into thin sections with a diamond knife using 
an LKB Ultratome V. Sections were stained with uranyl 
acetate, lead citrate and examined with a Phillips 300 
Electron Microscope. Sections 0.lum thick were cut 
and stained with toluidine blue and basic fuschin. 

Scanning electron microscopy was also performed in 
specimens fixed in 2.596 glutaraldehyde (cacodylate 
buffered to pH 7.2) at room temperature for one hour, 
and dehydrated through graded alcohol. They were 
then dried by the critical point drying method and coated 
with gold by the Sputter coating method. 


Results 


Calves undergoing circulatory support (flows of 4.0— 
4.5 L/minute) for periods of 183—335 days are included 
in Table 1). The killing of the animal was prompted 
by the presence of soft tissue infection in the chest wall 
along the percutaneous tube tract (three calves), viral 
pneumonitis (one calf), and outflow conduit obstruc- 
tion secondary to xenograft valve calcification (one 
calf). Gross examination of pump chambers revealed 
a thin, adherent, lining seldom exceeding 1.0 mm in 
thickness. Occasional foci of ectopic calcification were- 
noted, primarily in the inflow and outflow flange areas. 
Light microscopic study disclosed numerous fibroblasts 
present in the luminal and basal zones along with col- 
lagen fibers, which appeared to be most dense in the 
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Fics. 3A and B. (A) Photomicrograph ( x 100) of a cell-seeded pump chamber lining implanted in a calf for 149 days (stained with hematoxylin 
and eosin). Histologic examination reveals a membrane composed primarily of collagenous tissue in which there are numerous fibroblastic cells. 
The luminal area is at the top.(B) Photomicrograph of a pump chamber lining removed after 183 days and stained with H. & E. Histologic 
examination reveals numerous fibroblasts in the subluminal area surrounded by a dense collagenous mass. The lumen is at the top. 


central region of the lining (Fig. 3). Occasional round 
cells and multinucleated giant cells were present at the 
base, and collagen stains were highly positive in the 
middle and basal regions. Cellularity was reduced in 
these specimens compared to those removed after 
shorter intervals of implantation (less than 180 days). 

Scanning electron micrography of eight specimens 
demonstrated a porous (5— 10 um) lining with occasional 
fibrin strands on the luminal surface along with a few 
platelets and leukocytes. Many round and elongated 
cells were present at the surface, with channels and 
voids extending downward to the fibrillar base. 

TEM of six linings revealed numerous fibroblasts 
present in a dense matrix of collagen (cross-banded 
fibers with a periodicity of 640 À). Active protein syn- 
thesis was indicated by distension of endoplasmic re- 
ticulum within many fibroblasts. Polyurethane fibrils 
at the base of the lining were observed surrounded by 
. dense fields of collagen providing strong adherence of 
the biologic layer. 

Nine animals who survived for periods of 100—163 
days were included in Table 2. Three calves were killed 
electively, (no clinical abnormalities), to permit cham- 


ber lining evaluation (144—163 days), and another two 
calves were killed because of partial conduit obstruc- 
tion (calcified inflow xenograft valves). Infection along 
the percutaneous tube tract prompted termination of an 
additional two experiments, and the final one (100 days) 
is continuing. Gross examination of the linings revealed 
them to be thin, grayish-white in color, and well at- 
tached to the fibrillar matrix. Occasional foci of calci- 
fication were present in the flange areas, and patches of 
fibrin were noted in the inflow region (four specimens). 
Microscopic examination revealed a multilayered col- 
lagenous lining with occasional fibrinous zones at the 
base. In some places, the fibrin was overlaid with col- 
lagen, and cellularity was again greatest at the luminal 
and basal areas with occasional giant cells. Scanning 
electron microscopy and transmission electron micros- 
copy of lining specimens were similar to those included 
in Table 1 (over 180 days). 

Six animals subjected to assisted circulation for pe- 
riods of 31—90 days are included in Table 3. Two ex- 
periments are continuing, three others were terminated 
because of valve conduit obstructions, and a fourth had 
a percutaneous tube tract infection and was killed. All 
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pump chamber linings were free of loose thrombus, and middle zones of three other pump chambers. The 
and presented a white, glistening appearance at the lining was well attached to the fibrillar matrix, and 
time of gross examination. A 2.0 mm foci of calcifica- did not exceed 1.5 mm in thickness. Light, scanning- 
tion was noted after 72 days of pump implantation in and transmission electron microscopy examinations 
one calf, and there were patches of fibrin in the inflow were similar to those of animals included in Table 2. At 


TABLE 2. Animal Experiments of 100—163 Days Duration; Sodium Warfarin Anticoagulation 
———————————— ÁÉEÉREMEEMEE MEME 





Calf ^ Duration Gross Description of Pump Reason for Termination 
No. (days) Breed Chamber Lining of Experiment Summary of Light Microscopy 
6 163 HE* Uniformly gray and transparent Elective sacrifice Two layered lining in central area, 
lining; and collagenous plaque dense collagen with few cells toward 
(8 mm x 4.0 mm) in inflow area. lumen; more cellular at the base; 
Thickness varies from 1.0 mm luminal lining consists of flat cells 
(inflow) to 0.5 mm (middle) to and sometimes only collagen and 
1.0 mm in outflow area occasional giant cells around fibrils 
at base. Elastin stain negative. No 
calcification noted 
7 159 HE Surface covered with gray-white Elective sacrifice A multilayered collagenous lining 
membrane; few patches of brown with fibrinous areas at base. In 
fibrin at inflow section; foci of some areas the fibrin is overlaid 
calcification at flange areas; thick- with collagenous and cellular 
ness varied from 0.5 mm in central material. The cellularity varies from 
area to 1.2 mm in inflow and 1 cell/100 um? to 20 cells/100 u.m?. 
outflow areas Elastin stain negative 
8 149 HE Gray-white membrane well attached Inflow conduit obstruction; ^ Collagenous tissue with fibroblasts at 
to polyurethane fibrils xenograft valve calcifica- lumen and basal areas; few round 
tion present (moderate) cells at base 
9 144 HOt Glistening, thin gray membrane Elective sacrifice Moderately cellular luminal and basal 
areas with dense collagen in middle 
zone 
10 133 HO Thin gray, glistening membrane well Chest wall infection Dense collagen deposition at luminal 
attached to polyurethane fibrillar commencing at area, middle and base; fibroblasts 
base; occasional foci of calcification percutaneous tube site noted in all areas but most numerous 
present at lumen and base. One focus of 
calcification present. Elastin stain 
negative 
11 124 HE Gray-white membrane well attached Partial inflow conduit Three layers evident; a basal, cellular 
to underlying polyurethane fibrils; obstruction area; a middle layer with few cells 
patch (.15 x 1.0 cm) of brown and parallel layers of collagen 
material in inflow section. Thick- fibrils; and a luminal area containing 
ness of lining varies from 200-800 collagen fibrils, and many spindle 
microns shaped fibroblasts. Scattered 
multinucleated giant cells at base 
12 120 HE Uniform, gray transparent membrane; Partial outflow conduit Three layers noted in lining: luminal 
inflow region 0.2-1.1 mm in obstruction (calcified area is cellular with collagen 
thickness; middle area 600-700 xenograft valve) bundles; spindle shaped cells 
microns in thickness; no oriented in circumferential 
calcification evident. Few fibrin direction; middle layer (200 
patches in inflow region microns) contains a loose network 
of collagenous fibers with few cells; 
basal region (200 microns) with 
fibroblasts, round cells, and 
collagen around fibrils. Elastin stain 
is negative 
13 111 HE Gray-white membrane (0.5— 1.0 mm) Elective sacrifice Collagen fibers and spindle shaped 
in thickness, with brown fibrin fibroblasts at luminal and basal 
patches in inflow and middle areas areas; collagen fibers and few cells 
in middle zone. Round cells and few 
giant cells at base 
14 100 HE — Experiment continuing — 





* Hereford calves. t Holstein calves. 
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Calf Duration 

No. (days) Breed 
15 90 HO? 
16 85 HE* 
17 74 HO 
18 72 HO 
19 60 HE 
20 31 HE 


Gross Description of Pump 
Chamber Lining 


Thin gray membrane with brown 
fibrin patches in inflow and middle 
zones; attachment of lining fair; 
no calcification; thickness varied 
from 20 microns to 1.0 mm 


Thin, glistening gray membrane 
with 1.0 x 1.0 cm patches of 
fibrin in inflow, middle and 
outflow zones; thickness varied 
from 0.5— 1.0 mm; no calcification 


Glistening gray-white layer 0.5— 1.5 
in thickness; occasional foci of 
calcification in inflow ‘lange region 


Gray-white membrane with patches 
of brown fibrin at inflow and 
middle zones; thickness varied 
from 0.5-1.2 mm 


Reason for Termination 
of Experiment 


Experiment continuing 


Animal killed; percutaneous 


tube infection in chest wall 


Outflow conduit partially 
obstructed (calcified 
xenograft valve) 


Inflow conduit partially 
obstructed 


Experiment continuing 


Inflow conduit obstruction 


Summary of Light Microscopy 


Collagenous membrane with many 
fibroblasts at luminal and basal 
areas; areas of fibrin, round cells 
and giant cells at base 


Dense collagen layer in middle and 
basal zones with few fibroblasts; 
many spindle shaped cells in 
luminal area plus collagen fibers: 
round cells and occasional giant 
cell at base 


Marked fibroblastic response with 
collagen deposition at luminal area 
and base; occasional acute and 
chronic inflammatory cells; one 
focus of calcification at base 


Lining composed of dense collagen 
containing numerous fibroblasts 
(luminal, middle and basal areas); 
focal calcification at base with few 
round cells and giant cells; thin 
layer of organizing fibrin present 
at surface 





* Hereford calves. 


Blood Pump 


t Holstein calves. 





Fic. 4A. Light micros- 
copy radioautograms. Basal 
portion of 9-month-old bio- 
logic material formed in 
vivo on in vitro fibroblast- 
seeded blood pump. The 
biologic material surrounds 
a number of fibrils (F) con- 
tinuous with blood pump 
proper. Clusters (C) and 
individual (I) C-14 thy- 
midine-labeled fibroblasts 
are seen. These observa- 
tions provide unequivocal 
evidence that thymidine- 
labeled cells and/or their 
progeny, seeded on the 
blood pump in vitro be- 
fore implantation in vivo, 
are present in the biologic 
matrix (x 500). 
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Fic. 4B. Light micros- 
copy radioautograms. Full 
thickness view of 750- 
1000 micron-thick biologic 
matrix formed in vivo on 
in vitro cell-seeded blood 
pump. At nine months after 
implantation, C-14 thy- 
midine-labeled fibroblasts 
can be seen near blood con- 
tacting surface (1,) and at 
the basal, blood pump sur- 
face (I). Photomicrograph 
on right shows a cluster of 
thymidine-labeled cells in- 
termediate in the biologic 
matrix (left x400; right 
x 500). 


Blood Pump 


the time of autopsy examination, there was no gross or 
microscopic evidence of embolic organ damage. 

High resolution radioautographic techniques were 
used to detect the presence of carbon-14-thymidine- 
labeled fetal fibroblasts distributed on the surface of 11 
blood pump chambers (Figs. 4A and B). Radiolabeled 
cells were observed in specimens from each lining at 
intervals of 24—335 days postimplantation. The C-14 
thymidine-labeled cells were detected at the base, cen- 
tral zone and luminal areas of the lining. These ob- 
servations provide unequivocal evidence that the origi- 
nal donor fibrobasts survived through the implantation 
interval. Evidence that these cells were viable has been 
demonstrated by companion light and electron micros- 
copy. In each instance, cell morphology and ultrastruc- 
ture were consistent with fibroblasts actively engaged 
in collagen synthesis. The distribution of labeled cells 
throughout the lining suggests that they contributed to 
the developing extracellular collagenous matrix and that 
some of these labeled cells may be progeny of the origi- 
nal donor fibroblasts. 

Biochemical analyses were carried out in 10 pump 
chamber specimens removed after periods of 31—335 
days (Table 4). For comparison purposes, purified calf 
aortic collagen was included in the analysis, and the hy- 
droxyproline content of each specimen was considered 
equal to the percent collagen in the resulting linings. All 
fibroblast seeded surfaces contained a high concentra- 
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tion of collagen (30-66%) with a reduced rate of increase 
in content after 60 days of animal implantation. 

Karyotyping (with identification of sex chromosomes) 
in the donor fibroblasts and recipient calf spleen cells 
was carried out in five experiments. Fibroblasts cul- 
tured from the pump chamber lining specimen were iden- 
tified as either male or female, and spleen cells from 
the recipient were noted to contain the opposite sex 
chromosome pair in each of the studies. This substan- 
tiated the presence of original donor cells in the lin- 
ing material. 

In vitro immunologic studies demonstrated that the 


TABLE 4. Biochemical Assay of Ten Lining Specimens 





Duration 

of Experiment Per Cent 

Calf Breed (Days) Collagen 
HE 31 30 
HE 47 52 
HE 54 33 
HO 74 49 
HE 111 43 
HO 124 66 
HE 163 30 
HO 238 50 
HE 273 49 
HO 335 65 


HE: Hereford. 
HO: Holstein. 
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TABLE 5. Blastogenic Response H-3 Thymidine — 
CFM 23.0.5.) 





MLC 
Days 
in Hereford Hereford Hereford 
Cul- anti Hereford anti Holstein anti Holstein 
ture CET) (1:1) (1:2) 
3 736 + 190(1.0) 3473 + 995(4.7) 4653 + 205(6.5) 
4 191 + 43(1.0) 1755 + 384(9.1) 3196 + 1141 (16.7) 
5 460 + 316(1.0) 3197 + 657(7.0) 3992 + 657 (8.7) 
6 1093 + 6(1.0) 3259 + 1063 (3.0) 4078 + 721 (3.7) 


Hereford anti Holstein 


* Index of stimulation = ————_________ 
Hereford anti Hereford 


peak blastogenic response in a one way mixed lympho- 
cyte culture between Hereford and Holstein lympho- 
cytes occurred on days 4 and 5. (Table 5). Cytotoxic 
cells were generated in a primary mixed lymphocyte 
culture between Hereford responder lymphocytes and 
Holstein stimulator cells. These effector cells were capa- 
ble of lysing Holstein fetal fibroblasts at 100:1 effector: 
target ratio, (Table 6); thus, Holstein fibroblasts ex- 
pressed antigens in vitro that were suitable targets for 
cell-mediated lysis. 

To determine if lymphocytes from pump recipient 
Holstein calves receiving Holstein fetal fibroblasts 
were cytotoxic to the fetal cells, peripheral blood 
lymphocytes of 12 normal (nonoperated) calves and 
four calves with assist devices were assayed. No 
cytotoxicity was detected at any effector:target ratio 
from seven to 290 days postimplantation. Identical 
studies were undertaken with peripheral lymphocytes 
obtained from 12 Hereford pump recipients (implanted 
with Holstein fetal fibroblasts) to detect evidence of 
cytotoxicity against Holstein antigens. None was found 
at any effector:target ratio (2-175 days postop- 
eratively, Table 7). 


Discussion 


Development of a nonthrombogenic, blood-prosthetic 
interface on a flexing polymer substrate remains an 
important objective of prolonged circulatory support 
investigations. To accomplish this goal, a textured sur- 
face of polyurethane fibrils was developed on a Biomer 


TABLE 6. Cell Mediated Lysis of Fetal Holstein Fibroblasts 
Average Per Cent Cr-51 Release* 


Effector Effector:Target 
Lymphocytes Ratio 100:1 
Normal Holstein ra (4 experiments) 
Normal Hereford 5+8 (4 experiments) 
Primary MLC 
HE and HO 24 £6 (3 experiments) 


* Release activity > 10% considered significant cytotoxicity. 
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TABLE 7. Serial Lymphocyte Cytotoxicity Assays Performed in Pump 
Recipients Per Cent Cr-51 Release (Mean + SD) 





Recipient Effector:Target* Ratio 
Peripheral 
Blood Cells Day 50:1 100: 1 
Holstein 7 Neg. Neg.7 
28 Neg. Neg 
72 Neg. Neg 
91 10+ 7 a S 
99 4+ 3 7 s 1 
175 —-3+ 9 [e 7 
182 9+ 9 ae 4 
290 —-3+ 4 Cs T 
Hereford 2 2+ 10 —-3+ 2 
3 —3+ 4 2x 10 
10 —2+ 16 —4 x 12 
14 6 + 12 10+ 8 
28 4+ 10 —4 + 12 
30 =f 2 13 —17 + 9 
oF — -6+ 8 
43 — 10+ 9 
66 04+ 7 lit 7 
72 — iz o4 
103 6+ 4 2c 6 
107 Sa 2 -1 + 15 
127 —3+ 6 8. 3 11 
175 $e 3 II = 13 


* HO fetal fibroblasts. 
t Cytotoxic assay using H-3 amino acids. 


substrate to attract a coagulum of fibrin, platelets and 
erythrocytes immediately after implantation in the cir- 
culation. Gradual replacement of this autologous fibrin 
lining occurs in multicentric areas, resulting in pseudo- 
endothelial islands consisting of fibroblasts and a loose 
matrix of collagen fibrils. However, in most regions of 
the surface, the fibrin layer becomes laminated, gradu- 
ally reaching a thickness of 5.0—8.0 despite continuous 
sodium warfarin anticoagulation. Since the nutritional 
condition of the lining depends on diffusion of plasma 
substrates, its viability varies inversely with the 
thickness of the accumulating pannus. Cell death 
occurs frequently and contributes to local pH changes, 
increased lysosomal activity and the attraction of 
calcium-binding proteins which facilitates mineraliza- 
tion.??5 Aggregates of calcium phosphate crystals 
further compromise the polymer chamber wall, 
resulting in a loss of compliance and reduction in stroke 
volume. In addition to these pathophysiologic changes, 
control (noncellseeded) pump experiments were com- 
plicated by shearing off of devitalized lining segments 
resulting in sudden, fatal embolization. 

In an effort to circumvent this problem, cultured 
fibroblasts derived from the ligamentum nuchae of 
Holstein donor fetuses were distributed on the blood 
contacting interface of assist devices to accelerate for- 
mation of a collagenous lining. Fetal cells were selected 
because of their prolificacy, collagen producing capac- 
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ity, and possible lack of absolute specific antigenicity 
characteristic of adult cells.???* The metabolic activity 
may be augmented by cyclic flexing, a physical effect 
first reported by Leung, Glagov and Mathews who 
demonstrated a direct relationship between me- 
chanical forces and the synthesis of connective tissue 
components.?? 

Fibroblasts obtained from the primary culture, or 
after two to eight passages, were stored in liquid nitro- 
gen until needed. After thawing, cells were subcultured 
for several days at 37 C then harvested, divided, and 
replated until approximately 30 x 105 cells were avail- 
able for pump chamber inoculation. During a short 
period of mechanical rotation, fibroblasts became firmly 
attached to individual polyurethane fibrils, a major fac- 
tor preventing their dislodgement at the time of connec- 
tion to the circulation. The resulting collagenous layer 
remained firmly attached to the flexing chamber wall, 
and was free of thrombus accumulation despite dis- 
continuation of anticoagulants, for periods up to 335 
days. At the time of animal sacrifice, whether elective 
or mandatory, no evidence of thromboembolic organ 
damage was noted. Confirmation of the presence of 
donor fibroblasts in the resultant linings was achieved 
by radioautography and identification of C-14 thymidine 
labeled cells. Additional verification was accomplished 
at the time of autopsy by sex chromosome identifica- 
tion in fibroblasts cultured from explanted surface seg- 
ments to compare with sex chromosomes of recipient 
spleen cells. 

Amino acid analysis of representative lining speci- 
mens indicated a rapid increase in collagen content 
by 54 days following implantation, with a slower rate 
of increase in experiments extending to 11 months. 
This suggests a spontaneous reduction in the metabolic 
activity of fibroblasts after several months which even- 
tually limits the thickness of the surface and prevents a 
reduction in chamber wall compliance. In addition, thin 
linings are more easily nourished by diffusion of plasma 
substrates from blood pulsing through the device. 

Light and electron microscopy confirmed the pres- 
ence of dense collagen fibers in the central zone of each 
lining with increased cellularity at the luminal and basal 
areas. However, in experiments extending beyond 180 
days there was less cellularity and the appearance of 
increased collagen fiber density throughout. 

A lack of significant histoincompatibility was consid- 
ered the most likely explanation for the lack of 
immune reactivity found in Holstein pump recipients 
with Holstein fibroblasts. Hereford cattle were selected 
to be recipients of devices seeded with Holstein 
fibroblasts. Detectable histocompatibility differences 
between Hereford and Holstein calves were found in 
mixed lymphocyte culture and fibroblast lysis as 
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produced by in vitro sensitized lymphocytes. However, 
lymphocytes of Hereford recipients (inoculated with 
Holstein fibroblasts) were negative. The absence of 
detectable immune response may be related to the 
dense collagenous layer synthesized by the allogeneic 
fibroblasts, which prevents their recognition by the 
immunologic system. In addition the possibility exists 
that the fibroblasts may be relatively nonimmunogenic. 
A continued search for evidence of rejection is planned 
employing cell-seeded aortic grafts fabricated from 
polyurethane and implanted in the vascular system of 
adult subhuman primates. These investigations will be 
conducted for longer periods of time, and will not be 
compromised by the excessive growth and increasing 
body weight associated with bovine studies of 6-12 
months duration. 
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DISCUSSION 


DR. WILLIAM S. Pierce (Hershey, Pennsylvania): Our group has 
taken a rather different approach to achieve a thrombus-free blood- 
prosthetic interface. In our left ventricular assist pump and mechani- 
cal artificial heart, we employ highly smooth segmented polyurethane 
surfaces that are cast against filler-free silicone rubber molds. This 
polyurethane has been shown to provide stable flexion properties 
and freedom from thromboemboli for continuous periods of pumping 
that exceed three months. 

A study of these interfaces at the time of pump removal has shown 
only a thin, acellular protein layer to be present. 

There appear to be elastomeric materials with in-vitro flex life that 
can exceed the two-year goal suggested for clinical trials of implanted 
left ventricular assist pumps. However, serious problems, including 
lipid absorption, calcification and delamination of the blood pump lin- 
ing have been observed after long-term implantation in animals. De- 
tailed studies such as the one described today by Dr. Bernhard are 
particularly helpful in identifying and overcoming these problems. 

I would like to ask Dr. Bernhard if he has observed calcification 
on thé collagenous blood interface that he described today, and 
whether there has been delamination at the interface between the 
biologic lining and the textured fibril surface. 

Moreover, I would be interested in knowing if any of the animals 
with the cell-seeded type surface that was described today were 
studied without the use of anticoagulants. 


DR. EUGENE F. BERNSTEIN (San Diego, California): Dr. Bernhard 
and his associates have taken on a particularly difficult job because 
of the complexity of their device. They are using a chamber with a 
flexing wall which must contract with each beat of the pump. They 
therefore not only need to provide the kind of smooth lining that is 
normally associated with an arterial prosthesis, but one which can 
also provide this surface in the face of continuous flexirg. 

I think their solution, therefore, is particularly worthwhile, and 
may also have application to other blood surface problems, such 
as the small vessel arterial prosthesis, with which we have all had 
serious trouble. 

(slide) The Boston approach represents only one possible method 
of dealing with the blood—biomaterials problem. From my point of 
view, the most attractive possibility would be an inert surface which 
would not initiate thrombosis or cellular deposition. Such materials 
as LTI carbon, Biomer, and Avcothane are approaching this solu- 
tion, and those are the materials we have used, in a comparable 
blood pump system. 

A second approach to the bood surface problem induces limited 
thrombosis with subsequent formation of compact fibrin. The prob- 
lem with this approach has been limiting the thickness of the throm- 
botic layer that forms. 

A third approach, the one used by Dr. Bernhard, has also been 
used by other investigators who used cultured endothelium rather 
than fibroblasts. No one is certain whether the endothelial cells 


will prove to be more permanent and more efficacious than the 
fibroblasts that we have just heard about. 

Finally, a number of investigators are currently pursuing surfaces 
which are biochemically active in deterring or preventing platelet 
adhesion or coagulation. 

Our work in this area has produced a centrifugal pump which 
uses rigid materials and avoids the difficult problems of valves and 
flexing components. (slide) The pump consists of only asingle moving 
part, the rotor section which sits inside the pump and which, in 
this particular model, is made of LTI carbon. The other surfaces 
of the pump are made of either Avcothane, elastomer or Biomer. 

(slide) The advantages of this particular approach are listed on 
this slide: the pump is compact; all the materials are rigid; there 
are no valves or pulsing or moving parts other than the rotor. The 
pump has a high capacity, and it has a peculiar property of built-in 
autoregulation, since it is designed to maintain a constant pressure 
output. Therefore the output changes inversely to the perjpheral 
resistance downstream. The system is efficient in transmitting en- 
ergy into the pump, has a low hemolysis rate and has efficient 
heat dissipation. 

To date, this pump has been used in more than 200 animal ex- 
periments, which have been particularly directed at documenting 
tolerance to pulseless arterial flow. More recently, the pump has 
been used in clinical trials of left ventricular patients in Chicago, 
Cleveland, St. Louis and Sao Paolo, with two known long-term 
survivors. We believe this pump is competetive with the system 
developed by Dr. Bernhard and his collaborators and hope that 
it will receive further independent objective evaluation. 

Could Dr. Bernhard tell us the fate of the cells in the deepest 
layer of his pump's bladder lining, because these cells must be 
nourished only by diffusion from the blood inside the chamber? 

How does Dr. Bernhard envision applying his approach to the 
critically ill human patient when there is relatively little time for 
complex pump lining preparation? 


DR. CLARENCE S. WELDON (St. Louis, Missouri); Whenever 
a porous or a fibrillar polymeric surface is implanted into the cir- 
culation, fibrin sequesters on it, some cells invade it, and then it 
organizes into a sort of tissue. This tissue is usually called neointima. 
Sometimes it tends to an easy necrosis and ulceration, calcification: 
sometimes it forms to a variable and unpredictable thickness. 

Actually, when these surfaces are put into the central circulation, 
they usually form a fairly sturdy, well-organized layer of tissue. 

These remarkable experiments indicate that coating polymeric sur- 
faces with cultured fetal allogeneic fibroblasts prior to implantation 
will encourage the development of a better neointima, which is richer 
in collagen fibers, better organized, and more stable. The persistence 
of implanted allogeneic cells as viable cells over the time course 
of these experiments, as identified by radioautography and nuclear 
karyotyping, is entirely consistent with the results of previously 
reported experiments. 

(slide) For example, this is the study reported by Donald Ross' 
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group, showing persistent viability of allogeneic cells transplanted 
into the circulation in the form of semilunar valve tissue. There is, 
however, a progressive loss of viability over a 600-day period. I 
am, therefore, not surprised to learn that implanted fetal fibro- 
blasts entrapped on the fibrils retain viability, or even that they 
migrated somewhat through the forming neointima. 

The really exciting aspect of these experiments is the suggestion 
that it is these allogeneic cells that form and organize collagen. 
Certainly, entrapped host fibroblasts must also be capable of col- 
lagenogenesis, and this neointima must be formed as a result of 
the collaborative effort of both types of fibroblasts. 

I do not quite follow how the authors demonstrate allogeneic cell 
viability by radioautography, and active collagen formation by 
transmission electron microscopy, and then conclude that the two 
studied cells are of the same origin. Although the collagenous linings 
that developed in the authors’ experiments were compared micro- 
scopically with those obtained in earlier experiments, or so-called 
control experiments, in which allogeneic fibroblast seeding was not 
used, and although a biochemical assay for collagen was included 
in the protocol, one really wishes for a more direct control. Is it 
not possible to seed one side of the bladder, and then put it into 
an experimental animal so as to compare the two halves of the 
lining that develops? 

In such an experiment, the degree of participation of allogeneic 
cells and the degree of participation of host fibroblasts in the forma- 
tion of the lining would become quite evident. 

This is exciting work, and I am in great admiration of it. Iremember 
as long as a quarter of a century ago hearing people talk about the 
fact that an ideal blood compatible surface would eventually depend 
on the culturing of endothelial cells, which then would be smeared 
on surfaces like butter onto bread. This goal seems a little less 
elusive now than it once did. 


DR. STANLEY LEVENSON (Bronx, New York): I want to mention 
one potential complication of the implantation of cultured fibroblasts 
which my colleagues Dr. Eli Seifter, Dr. George Manner, Leo 
Crowley and I ran into a number of years ago. It was about eight 
years ago, when we decided as part of our wound healing studies to 
determine whether we could increase the rate at which wounds heal 
and gain strength by implanting cultured fibroblasts into dorsal skin 
incisions in rats. We carried out such experiments using syngeneic 
rats, and found that, in truth, when such cultured fibroblasts derived 
from reparative tissue were implanted into the skin incisions of the 
rats, the wounds healed faster as assessed by the gain of wound 
strength. But, being cautious about possible complications, we 
injected similarly cultured fibroblasts subcutaneously into other rats 
and maintained the animals for a long time. During the first year we 
saw nothing at or adjacent to the inoculation sites. Beginning at about 
12 months, but in some animals not until 18 months, tumors became 
palpable at the inoculation site and gradually increased in size. By 18 
months every animal had a lethal fibrosarcoma which could be trans- 
mitted by tissue inocula to other rats. A 0.22 u Millipore filtrate of 
cell suspension of viable tumor tissue did not lead to tumor formation 
when injected subcutaneously into syngeneic rats; this membrane 
holds back intact cells. 

We looked back at our records, and found that we had used rat 
fibroblasts that had been passed about 15 times. We therefore 
repeated the experiment, reducing the number of passages to eight, 
which is only slightly above the highest number of passages (six) 
that I noticed on Dr. Bernhard’s slide—two to six. The findings 
in our repeat experiment were the same as in the first experiment, 
namely, no palpable tumor for the first months but by 12 months or so, 
every animal developed a fibrosarcoma at the inoculation site. These 
tumors, as in the first experiment, could be transferred to other rats 
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by inocula of tumor suspensions but not by inoculations with 0.22 u 
Millipore filtrates (intact cell-free) of the tumor cell suspensions. 

Clearly, rats are not cows, but I hope that Dr. Bernhard will keep 
his animals around for a number of years expensive though it may be, 
to see whether or not neoplasia develops. 


DR. WILLIAM F. BERNHARD (Closing discussion): Dr. Pierce, we 
do see some evidence of calcification in fibroblast-seeded pump 
chamber specimens, but it.is an order of magnitude less than that 
found in the control (noncell seeded) specimens, and I showed you 
slides of four controls. Ectopic mineralization is a factor to be con- 
sidered, but so far, it has not been a major complicating problem. 

In terms of use of anticoagulants, the series of animals that I 
presented underwent anticoagulation for the first 180 days and then 
was discontinued. My colleagues and I are now performing ex eri- 
ments on another series of animals in which coumadin anticoagula- 
tion is discontinued at 90 days. We have not encountered any throm- 
boembolic problems to date. 

Dr. Bernstein commented about development of an inert polymer 
surface. I am certainly in favor of pursuing that as one goal. The 
objective would be to find an inert, durable polymer, one that 
would induce no reaction when in contact with blood, in the form 
of thrombus accumulation. However, I have not been encouraged 
by experiments in this biomaterials area for the last decade or so, 
but agree that additional work in this direction is worthwhile. 

It is interesting that the polymeric material we currently use is 
Biomer with a textured fibrillar surface developed on a segmented 
polyurethane matrix. 

In terms of applying this sort of pump in critically ill patients in 
the future, there are two comments to make. First, these are solely 
blood-prosthetic interface studies, and this particular blood pump 
functions as merely an experimental vehicle. In a separate investi- 
gative program, we are using a similar pneumatic pumping device 
with a polyester fibrillar surface to resuscitate patients in intractable 
cardiogenic shock after cardiotomy. In that group of surgical pa- 
tients, we are interested in a temporary, 7—14 day period of circula- 
tory support. We do not use anticoagulation agents, and we have 
had a satisfactory experience, with no thromboemboli, and only a 
slight accumulation of fibrin on the pump surface. 

The calf is a more difficult model to work with than humans be- 
cause of high plasma fibrinogen levels and high platelet counts. The 
calf is a very good experimental animal, since its clotting mechanism 
is sensitive to imperfections in biomaterials. 

I appreciate Dr. Weldon's provocative questions regarding the 
identification of the origin of individual fibroblasts in the chamber 
linings. We cannot tell which are host fibroblasts and which are 
donor cells except by the radioautography technique I showed you. 
My colleagues and I have done numerous studies of this type, in- 
dicating silver grains at the base, in the central zones, and at the 
luminal area of pump chamber linings. In control studies, (noncell- 
seeded) we do see spontaneously developing areas of fibroblastic pro- 
liferation and collagen. However, the spread of these tiny areas 
occurs at a slow rate, while the remaining areas of the surface are 
covered with a thick layer of laminated fibrin. 

We assume that some host cells will be part of the developing 
surface, but if one really wants completely to collagenize the area, 
additional cells are needed. 

Dr. Levenson's questions about the occurrence of late neoplasia 
are well taken. Since our animals are young, 3 or 4 months of 
age at the time of pump implantation, they rapidly increase in weight 
and size. Accordingly, our experiments are limited to about 12 
months in duration. However, we have implanted polymer aortic 
grafts that are cell-seeded for longer periods of time—up to two 
years—and have not seen evidence of fibroplasia in these non- 
flexing prostheses. 


Results of Right Atrial to Right Ventricular and Right Atrial 
to Pulmonary Artery Conduits for Complex 


Congenital Heart Disease 


HILLEL LAKS, M.D., WILLIAM G. WILLIAMS, M.D., WILLIAM 
NORMAN S. TALNER, M.D., RICHARD D. ROWE, M.D., GEO 


The Fontan procedure was initially proposed for tricuspid 
atresia (TA). We describe our experience with modifications 
of this operation and its application to previously uncor- 
rectable congenital lesions. From 1975 to 1979, 26 patients have 
undergone a Fontan-like procedure, at a mean age of 14 years 
(range: 3 months to 23 years). Nineteen patients had TA, one 
patient had mitral atresia, four patients had a univentricular 
heart, one patient had a ‘‘criss-cross”’ heart, and one patient 
had pulmonary atresia. Previous procedures included eight 
Glenn shunts, 18 systemic to pulmonary artery (PA) shunts, 
two PA bands, and two atrial septectomies. Thirteen pa- 
tients underwent right atrial (RA) to PA connections, with 
a valved conduit in nine patients and without in four. Two 
patients had simultaneous Glenn shunts. Thirteen had RA to 
right ventricular (RV) conduits, with a valve in 12 patients 
and without in one. There were five early deaths (—30 days, 
19%) and no significant difference between the RA to PA con- 
nection (four deaths of 13) versus the RA to RV connection 
(one death of 13). The mortality rate was higher in patients 
undergoing RA to PA connection without valved conduit (one 
death of nine with a valve, three deaths of four without, 
p < 0.05), while the Glenn shunt did not affect mortality 
(one death of seven with, three of six without, p < 0.1). There 
were no late deaths (mean follow-up: 24 months). Seven 
patients underwent recatheterization with a mean RA pres- 
sure of 14 mmHg (range: 9-25 mmHg). Thus, the **Fontan"' 
procedure can be done with an acceptably low mortality 
with good functional results, both for TA and other complex 
lesions. 


ANY ADVANCES IN THE treatment of complex con- 
M genital heart disease arose from a better under- 
standing of the anatomy of the lesion. In the case of 
the ‘‘Fontan’’ procedure a new physiologic concept 
was tested — namely that the lungs could be perfused 
without benefit of the right ventricle. Experimental 
work culminated in the clinical application of the 
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superior vena cava to right pulmonary artery shunt 
(Glenn) in 1958.8 This concept was taken to its logical 
conclusion by Fontan and Baudet® who reported on a 
new procedure for tricuspid atresia in 1971. The opera- 
tion successfully diverted superior vena caval blood to 
the right lung and right atrial blood to the left lung 
using a valved homograft. 

We report on our experience with modification 
of the Fontan procedure for both tricuspid atresia 
and other complex congenital cardiac lesions. 


Clinical Material 


From January 1975 to December 1979, 27 con- 
secutive patients underwent the Fontan procedure at 
Yale University Medical Center, New Haven, and the 
Hospital for Sick Children, Toronto. The mean age 
at operation was 14 years (range: 3 months to 23 years). 
There were 11 males and 16 females. The diagnoses 
are shown in Table 1. Patients with elevated pulmonary 
vascular resistance, and a left ventricular end diastolic 
pressure of more than 15 mmHg were not thought 
to be suitable for this procedure. 

Twenty-four of the 27 patients had undergone 
previous procedures. These included eight Glenn 
(superior vena cava to pulmonary artery) shunts and 
22 systemic to pulmonary artery shunts. Two patients 
underwent previous shunts and 22 systemic to pul- 
monary artery shunts. Two patients underwent pre- 
vious pulmonary artery banding and two underwent 
atrial septectomy. 
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TABLE 1. Diagnoses in Patients Undergoing Right Atrial (RA) to 
Pulmonary Artery (PA) Connection and Those Undergoing 
Right Atrial to Right Ventricular (RV) Connection 


RA to PA RA to RV 

Diagnosis Connection Connection 
Tricuspid atresia 7 12 
Univentricular heart 5 — 
"Criss-cross'' heart l — 
Mitral atresia l — 
Pulmonary atresia — E 
14 13 


Numbers indicate number of patients. 


Operative Approach 


Cardiopulmonary bypass was employed, using a 
bubble or membrane oxygenator with moderate 
hemodilution. Previously placed systemic to pul- 
monary artery shunts were occluded by snares or by 
pressure just prior to instituting cardiopulmonary 
bypass. The superior vena cava was generally can- 
nulated directly, to avoid additional atrial trauma, and 
particularly where a Glenn shunt was patent. The in- 
ferior vena cava was cannulated through a purse string 
low in the right atrium, close to its orifice or via the 
femoral vein. The right atrial incision for closure of 
the atrial septal defect was made in the right atrial 
appendage to minimize damage to the hypertrophied 
right atrial wall. This incision was also used to attach 
the conduit or pulmonary artery. The atrial septal 


J 


RA-RV AND RA- PA CONDUITS 383 


defect was generally closed with a patch, rather than 
directly, to insure complete closure. A preclotted or 
low porosity patch material was used to avoid shunting 
through the interstices in the early postbypass period. 


Right Atrial to Pulmonary Artery Connection 


Fourteen patients underwent right atrial to pul- 
monary artery connections (Fig. 1). Seven patients had 
tricuspid atresia, while seven had other complex lesions 
(Table 1). A porcine valved conduit was used in nine 
patients, and a direct connection was made in five pa- 
tients. Juxtaposition of the atrial appendages and 
transposition of the great arteries facilitates direct 
right atrial to pulmonary artery connections. Of 
the five patients with direct connections, two had 
tricuspid atresia, one with transposition of the great 
arteries, and four patients had univentricular hearts, 
of whom three had transposition. In three patients, 
a pericardial patch was used to enlarge the atrial to 
pulmonary artery connection (Fig. 2). In one patient, 
the pulmonary valve was excised with the pulmonary 
artery and implanted directly into the right atrium. 
Two patients had simultaneous superior vena cava to 
pulmonary artery anastomoses; in one to the end of 
the right pulmonary artery in the usual fashion, and in 
one to the side of the right pulmonary artery. 

Five patients had univentricular heart. In these, the 
tricuspid valve was closed with a Dacron® patch, as 
was the atrial septal defect. Connection was then made 





FiG. 1. On the left repair of tricuspid atresia by right atrial to pulmonary artery connection using a porcine valved conduit with a pre-existing 
superior vena cava to right pulmonary artery shunt. The dotted line indicates the atrial septal defect which is closed. On the right, repair of 
tricuspid atresia with a small right ventricular cavity using a right atrial to right ventricular connection with a porcine valved conduit. The 


dotted line indicates the ventricular septal defect which is also closed. 
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Fic. 2. Direct right atrial to pulmonary artery connection in a 
case of tricuspid atresia with transposition of the great arteries. A 
pericardial patch is used to enlarge the anastomosis between the 
atrial appendage and the pulmonary artery, and the atrial septal 
defect is closed. 


to the pulmonary artery by direct anastomosis in three 
patients and by valved conduit in two patients. One 
patient had superoinferior relationship of the ventricles 
("criss-cross"" heart) with overriding of the tricuspid 
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valve, pulmonary atresia and multiple ventricular 
septal defects. He had previously undergone a Glenn 
shunt and a left end-to-end subclavian to pulmonary 
artery shunt. Because of the difficulties septation would 
entail, it was decided to treat this as a single 
ventricle. The tricuspid valve was closed with a patch, 
the atrial septal defect was closed, and a conduit was 
placed between the right atrium and left PA. One 
patient had mitral atresia, and a single ventricle, 
and underwent pulmonary artery banding at eight years 
of age. A patch was used to baffle the pulmonary 
venous return from the left atrium to the tricuspid valve 
and a valved conduit placed to the main pulmonary 
artery. In order to reduce volume of blood returning 
to the compartmentalized right atrium, the end of the 
superior vena cava was anastomosed to the side of 
the right pulmonary artery, close to the main pul- 
monary artery (Figs. 3 and 4). 


Right Atrial to Right Ventricular Conduit 


Thirteen patients had insertion of a right atrial 
to right ventricular conduit. Twelve patients had tri- 
cuspid atresia and one pulmonary atresia with intact 
ventricular septum (Table 1). In all twelve, a porcine 
valved conduit was used and in one patient a nonvalved 
conduit was used. In patients with tricuspid atresia 
and ventricular septal defect, the ventricular septal 
defect (VSD) was closed, with a nonpermeable 
(Teflon®) or preclotted double velour Dacron patch. 





Fic. 3. Repair of mitral atresia is shown in a patient with a previously banded pulmonary artery (left). The repair shown on the right consisted 
of enlarging the atrial septal defect, using a Dacron patch to divert the left atrial blood to the tricuspid valve and placing a procine valved 
conduit between the right atrium and main pulmonary artery. The superior vena cava was disconnected and anastomosed end-to-side to the 


right pulmonary artery. 
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The conduit was placed to lie with the convexity in- 
feriorly, as described by Bowman and associates’ 
(Figs. 1 and 5) or the incision in the right atrium was 
made closer to the interatrial groove and the conduit 
was placed transversely to make a more direct con- 
nection with the right ventricle. One patient had pul- 
monary atresia with intact ventricular septum and pre- 
viously underwent a Blalock-Taussig shunt in infancy. 
At catheterization in a patient aged eight years, the 
tricuspid valve was hypoplatic and regurgitant and the 
RV cavity was small. In this patient, the tricuspid 
valve was closed using a patch and a porcine valved 
conduit was placed between the right atrium and the 
confluence of the pulmonary artery and right ventricle 
(Fig. 6). One patient had tricuspid atresia, transposi- 
tion of the great arteries, and VSD with a small right 
ventricular chamber. In order to use the right ventricle, 
the aorta and pulmonary arteries were "switched" the 
coronary arteries reimplanted, the VSD closed, and a 
conduit placed between the right atrium and right 
ventricle.? 


Results 
Right Atrial to Pulmonary Artery Connection 


There were four early deaths (—30 days) among the 
14 patients undergoing RA to PA connections (29%). 
Three occurred among five patients undergoing a direct 
anastomosis between the RA and PA. One of these 
patients was three months of age, and had the pul- 
monary valve excised with the artery and implanted 
into the right atrial appendage. The other two patients 





Fic. 4. This postoperative angiogram in the patient with mitral 
atresia shows the contrast from an injection into the superior vena 
cava entering both the right and left pulmonary arteries. 
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Fic. 5. Postoperative angiogram in a 9-year-old with tricuspid 
atresia showing the porcine valved conduit (C) entering the right 
ventricle (RV) and communicating with the unobstructed normally 
sized pulmonary artery (PA). 


were aged 17 and 14 years and had tricuspid atresia 
and univentricular heart, respectively. There was one 
death, among nine patients with RA to PA connections 
using a porcine valved conduit (11%). This occurred 
in the patient with single atrium, single ventricle, 
pulmonary atresia, and total anomalous pulmonary 
venous drainage, due to excessively high pressures in 
the right atrium postoperatively. 

There were two late deaths in this group. One oc- 
curred five months postoperatively, in the 19-year-old 
patient with mitral atresia. Calculations of pulmonary 
vascular resistance were normal preoperatively. This 
patient underwent a modified Fontan procedure, as 
described above (Fig. 3). Postoperative catheterization 
showed poor contraction of the right atrium and a 
venous pressure of 20 mmHg. This patient developed 
recurrent episodes of supraventricular tachycardia, 
which resulted in hypotension. He was brought into 
the hospital five months postoperatively moribund, 
with such an episode and remained in a low output 
state despite intra-aortic balloon counterpulsation and 
volume administration, and finally went into cardiac 
arrest. Postmortem examination revealed an intact , 
repair, with no obstruction to venous return. 

The second late death occurred in the 19-year-old 
boy, 20 months after a modified Fontan procedure for 
superoinferior relations of the ventricles (criss-cross 
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Fic. 6. Repair of pulmonary atresia with intact ventricular-septum in an 8-year-old girl. As shown on the left previous Waterston and 
Potts shunts resulted in kinking of the right and left pulmonary arteries. The right ventricular cavity was small and the tricuspid valve 
hypoplastic. The repair, shown on the right consisted of closure of the atrial septal defect, closure of the tricuspid valve with a patch, repair 
of the right and left pulmonary arteries with pericardial patches, and placement of a porcine valved conduit between the right atrium 


and an incision made through the right ventricle and pulmonary artery. 


heart as described above). Postoperatively it was ap- 
parent that the pulmonary vascular resistance in the 
left lung was elevated, and his right atrial pressure 
at repeat catheterization was 22 mmHg, with sluggish 
flow to the left lung and collaterals carrying flow to 
the superior vena cava. This patient developed pro- 
gressive signs of venous obstruction with edema of 
the lower extremities, hepatomegaly and ascites. Re- 
peat catheterization 20 months postoperatively re- 
vealed thrombosis of the conduit to the left lung. 
Repeat surgery was undertaken at which time the atrial 
septum was opened, the tricuspid valve replaced, the 
proximal part of the conduit and valve removed, and 
a shunt performed to the left lung. After coming off 
cardiopulmonary bypass, the patient developed massive 
pulmonary edema and died. 

Of the remaining eight patients, all are doing well, 
a mean of 25 months postoperatively (range: three 
months to five and a half years) with no other 
late failures. 

Repeat cardiac catheterization was undertaken in 
four patients. These included the two late deaths de- 
scribed above and two elective recatheterizations. One 
was performed in a 15-year-old patient with tricuspid 
atresia and a previous Glenn shunt, who underwent a 
right atrial to pulmonary artery connection with a 
valved conduit. The right atrial pressure was a mean 
of 9 mmHg. Repeat catheterization in an 18-year-old 


with tricuspid atresia undergoing a similar operation 
but who also had a previous left end-to-end Blalock- 
Taussig shunt showed a right atrial mean pressure of 
18 mmHg. 


Right Atrial (RA) to Right Ventricular (RV) Connection 


Of the 13 patients undergoing RA to RV connections 
there was one death (8%). This occurred in a 17-year- 
old patient with tricuspid atresia with a previous 
Pott’s shunt who had a pulmonary artery pressure 
of 50/30 mmHg and a left atrial pressure of 22 mmHg. 
This patient died in a low output state 11 days 
postoperatively. By our current criteria, this patient 
would be considered inoperable. Although the early 
mortality for RA to RV connections is less than for RA 
to PA connections, this difference is not statistically 
significant. There were, however, no late deaths 
among the patients with RA to RV connection (mean 
follow-up: 21 months). 


Discussion 


The concept of bypassing the right ventricle was 
first proposed by Rodbard and Wagner in 1949.!5 [n 1955 
Hurwitt reported an unsuccessful attempt at anastomos- 
ing the right atrial appendage and the pulmonary 
artery trunk without cardiopulmonary bypass in a case 
of tricuspid atresia.? and Schumacker!? attempted this 
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procedure in a patient with transposition of the great 
arteries. In 1958, Glenn and associates? reported on a 
clinically successful use of the superior vena cava to 
right pulmonary artery shunt. In 1966, Robicsek and 
associates!! demonstrated experimentally that survival 
could occur with exclusion of the right ventricle. In 
1971, Fontan and Baudet? described their clinical ex- 
perience in three patients with tricuspid atresia. The 
procedure used included a Glenn shunt, insertion of 
an inferior vena caval valve, and placement of a 
valved homograft between the right atrium and pul- 
monary artery. 

Selection of patients is crucial for the successful 
application of this procedure. Although it was recog- 
nized early that the pulmonary vascular resistance 
must be normal, it also became apparent that good 
left ventricular function was essential for successful 
use of this operation. One patient in this series died 
early postoperatively because of an elevated left 
ventricular end diastolic pressure (LVEDP). We now 
feel that a patient with an LVEDP of greater than 
15 mmHg is a poor candidate for this operation. 
Supraventricular arrhythmias are also poorly tolerated 
following the Fontan procedure as it results in eleva- 
tion of the left atrial pressure and decreases cardiac 
output further. One patient died five months post- 
operatively due to recurrent episodes of paroxysmal 
atrial tachycardia. Although some have reported that 
supraventricular tachycardias may be well tolerated! 
if they occur in a patient with already elevated right 
atrial pressure due to pulmonary vascular disease, or 
left ventricular failure, they can be catastrophic as 
shown by our patient. If such arrhythmias are sus- 
pected preoperatively a 24 hour Holter monitor re- 
cording should be obtained. Depending on other 
factors, this might be considered a contraindication 
to the Fontan procedure. 

In tricuspid atresia, physiologic correction can be 
achieved either by the RA to PA connection or the 
RA to RV connection, depending on the presence of 
an RV cavity, the adequacy of the pulmonary valve, 
and the relationship of the great vessels.??" Experience 
has shown that the valve in the inferior vena cava 
originally described by Fontan® is unnecessary, and 
may cause obstruction.!? 

Experience has also shown that the Glenn shunt is 
not an essential part of the procedure. Theoretically 
there is some disadvantage in diverting one-third of the 
systemic venous return to the right lung, which con- 
stitutes 60% of the pulmonary vascular bed, leaving 
inferior vena caval return which constitutes two-thirds 
of the return to perfuse the left lung which is 40% of 
the pulmonary vascular bed. In this series, there was 
no statistically significant difference in the results with 
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and without the Glenn shunt. In the patient with mitral 
atresia, we performed a superior vena cava to side of 
right pulmonary artery shunt to decrease the volume 
load on the compartmentalized right atrium (Fig. 3). 
Because of high right atrial pressures and supraven- 
tricular arrhythmias this patient had a poor result. 

The importance of the valve between the RA and 
PA is unclear. If RA contraction is significant, a valve 
placed between the RA and PA would reduce re- 
gurgitation and thus improve cardiac output. Echo- 
cardiographic studies of the conduit valve, however, 
have shown that there is delayed opening of the 
conduit valve and slow closure,'? suggesting that the 
valve may not be necessary. The disadvantages of the 
valved conduit includes gradients across the valve, 
late deterioration, thrombosis,'?'? and with growth, a 
relative obstruction at the valve. If there is transposi- 
tion of the great arteries, the pulmonary artery may 
be close enough to the right atrium for a direct con- 
nection. Kreutzer and associates!’ described detaching 
the pulmonary valve annulus from the RV and attach- 
ing it to the RA, in order to avoid the xenograft valve 
and allow for growth. This method was attempted un- 
successfully in a three month old child in our series 
with tricuspid atresia, Type Ic. In our series there were 
five patients in whom direct connection between the 
RA and PA was performed without a valved conduit 
with three deaths. There was one death among the 
nine patients in whom a valved conduit was used. The 
small numbers and variability in the patient popula- 
tion, however, makes comparison difficult. 

In patients with tricuspid atresia and a small right 
ventricular cavity without pulmonary stenosis (Type 
Ic) connection may be made between the RA and 
RV.**/? [t is important that pulmonary stenosis be 
excluded or relieved surgically, to avoid postopera- 
tive venous hypertension. In the 8-year-old patient 
with pulmonary atresia and intact ventricular septum, 
the tricuspid valve and RV cavity were hypoplastic. 
The distal end of the conduit was placed across the 
pulmonary annulus and anastomosed to both RV and 
PA, thus relieving the RV outflow tract obstruction. 
Use of the right ventricle appears to improve the 
hemodynamic result. Some have advocated a Dacron 
graft or pericardial conduit? without a valve for this 
connection to avoid obstruction and problems with 
growth. Others feel that the RV contributes sig- 
nificantly to forward flow and that therefore a valve 
in the conduit is important to prevent regurgitation. 

The modified Fontan procedure has been applied to 
complex lesions other than tricuspid atresia.^!'?! For 
the univentricular heart, the tricuspid valve is closed 
with a patch, the atrial septal defect is closed, and a 
connection made between the right atrium and 
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pulmonary artery. Either a valved conduit or direct 
connection may be used. We applied this technique 
in a patient with superoinferior relations of the great 
vessels (criss-cross heart), multiple ventricular septal 
defects, pulmonary atresia, and overriding tricuspid 
valve, in whom it was thought that septation would 
involve too high a risk. A similar technique was also 
used in the patient with mitral atresia, in whom the 
left atrial blood was baffled into the tricuspid valve 
(Fig. 3). The results of RA to PA connection appears 
to be less satisfactory for this group than for tricuspid 
atresia. In one series four of nine patients died?! and 
in another report four of 17 patients died.’ In our series 
there were two early deaths, and two late deaths among 
these seven patients. 

In properly selected patients, the modified Fontan 
procedure can achieve physiologic connection, and 
improve the symptoms of patients with complex, pre- 
viously uncorrectable lesions. The functional result is 
improved if even a small RV cavity can be incorporated 
into the repair. In the absence of an RV cavity, an 
RA to PA connection can be made with or without a 
valved conduit. Although our results so far, suggest 
that a valve in the RA to PA connection is associated 
with a reduced mortality, the numbers are too small 
to draw conclusions, and the long-term dangers of ob- 
struction due to growth, thrombus formation, or valve 
deterioration can not yet be evaluated. Application 
of the modified Fontan procedure to the univentricular 
heart appears to be associated with less favorable 
results. This may be related to the selection of patients 
but the degree of hypertrophy of the right atrial wall 
may play a role. 
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DISCUSSION 


PROFESSOR VIKING OLOV BJorK (Stockholm, Sweden): For tri- 
cuspid atresia, I try to use the patient's own pulmonary valve with 
a slight modification of the Fontan procedure. (slide) I suture the 
right atrial appendix directly to the right ventricular incision, creating 
a tissue conduit with a pericardial roof after closing ASD and VSD 
with a patch. The incision is made | cm from the top of the atrial ap- 
pendix which is turned up as a flap and sutured directly to the right 
edge of the incision in the right ventricle. A roof is made of the 
patient's own pericardium right over it, using the patient’s pulmonary 
valve as well. 
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(slide) The pericardium is sutured over the atrial appendix, which 
is connected directly to the right ventricle. (slide) This is the patch 
over the VSD and ASD. Up here is the pericardial patch as a roof 
over the atrioventricular communication. There are no foreign 
bodies in this shunt, which can become larger with age. 

(slide) This is an angiogram after some years; the shunt is up here, 
atrial appendix, pulmonary artery -left pulmonary artery. 

(slide) In small infants you usually cannot go much higher than 17 
mmHg right atrial pressure to start off with. With higher pressure 
the kidneys stop; with lower pressure, you cannot get enough 
cardiac output. At follow-up study the right atrial pressure has been 
settling to something like 12 mmHg. 


Vol. 192 e No. 3 


Peritoneal dialysis and the late closure of the sternum have been 
necessary to carry some patients through. I agree that in uni- 
ventricular heart, a valve should be included in the conduit form 
from the right atrium to the pulmonary artery. In one such uni- 
ventricular heart, it took five days before it was possible to close 
the sternum, but for an ordinary tricuspid atresia, I think the simpler 
method, using no tubes, just the patient's atrial appendix and peri- 
cardium, has worked out well, up to four years for one. 


DR. HARRIS B. SHUMACKER, JR. (Indianapolis, Indiana): Almost 
exactly 25 years ago, Dr. Lurie and some of our younger colleagues 
and I published a paper describing briefly successful experiments 
with end-to-end superior vena caval-right pulmonary artery 
anastomoses in dogs, with appropriate and favorable hemodynamic 
and ventilatory studies, referred to our work then in progress with 
total right ventricular bypass, and enumerated complex congenital 
abnormalities for which such a procedure was then thought possibly 
applicable. 

I had mentioned this work in discussing a report by Warden and 
his associates the preceding year, and also that presented by Hurwitt 
and his colleagues in April, 1955. At that time I related by experience 
with a patient who had complete transposition in whom a total 
right heart bypass was accomplished without the aid of cardio- 
pulmonary bypass. A right atrial-to-pulmonary artery shunt was 
created by interpolation of a graft, and the tricuspid valve and 
the root of the pulmonary trunk were closed by suture. The patient 
looked unusually well immediately after the operation, but unfortu- 
nately died suddenly about eight hours later. Autopsy showed the 
conduit open widely, the right ventricular exclusion complete, and 
the cause of death not at all evident. 

This case demonstrated that a patient could maintain adequate 
circulation and ventilation without right ventricular function. 
Whether it was the first clinical total right heart bypass I do not 
recall, and it is not at all important. I have mentioned these early 
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studies not because they were among the first. Others had already 
shown that the right ventricle of the dog was, at least to some extent, 
not essential. I do so because I thought that you might be interested 
in some of the early attempts and, particularly, to point out two 
truisms that are sometimes forgotten. 

First, if an idea, incompletely, as it may have been worked out, 
seems to have some merit, it is better published than buried, since 
it may be of some help to other workers. 

Second, though a concept may have to lie dormant for years, 
there is always a possibility that a Fontan, or a group such as Dr. 
Laks represents, may some day demonstrate its clinical feasibility. 


DR. HILLEL Laks (Closing discussion): Dr. Bjork, the question of 
the use of a valve between the right atrium and the right ventricle 
is not yet resolved. The right ventricle, if it is to be included in the 
repair, offers some extra contractility. Therefore, to avoid the 
equivalent of tricuspid regurgitation, we currently use a valved 
conduit for the right atrial to right ventricular connection. The valve 
does, however, have disadvantages — obstruction if the valve is too 
small, the possibility of late deterioration of the porcine valve, and 
it does not grow. Hemodynamic studies show that the peak systolic 
pressure in the right ventricle with this connection, is higher than 
that in the right atrium, and we therefore feel that the valve does 
contribute to forward flow. 

We too have found that the results in the univentricular heart 
are not as good as those for tricuspid atresia, and this may be because 
the right atrium is not as hypertrophied in this condition. 

I thank Dr. Shumacker for reviewing for us the history of the right 
atrial to pulmonary artery connection. We are all indebted to him 
for his pioneering efforts and those of Dr. Hurwitt and his associates, 
who, before the era of cardiopulmonary bypass, connected the 
right atrium to the pulmonary artery in a patient with tricuspid 
atresia, but were unsuccessful at that time. The procedures that we 
have described are based on the work of Fontan and many other 
pioneers in this field. 


Clinical, Anatomic and Functional Descriptors Influencing 
Morbidity, Survival and Adequacy of Revascularization 


Following Coronary Bypass 
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Clinical data on 3,479 consecutive patients having coronary 
bypass surgery were retrospectively analyzed. Perioperative 
complications, incomplete revascularization, and reduced 
long-term survival could frequently be correlated with mani- 
festations of myocardial damage. Patients with triple vessel 
and left main coronary disease had a greater frequency of 
inotropic requirements than did patients with single or double 
vessel disease (7.9% and 8.6% vs. 3.8% and 4.2%). Inotropic 
requirements in the perioperative period were significantly 
increased for patients with preoperative left ventricular 
dysfunction; a history of heart failure or multiple infarctions 
did not significantly increase the incidence of inotropic 
requirements. Presence of previous myocardial infarction, 
heart failure, or left ventricular contraction abnormalities 
significantly decreased the ability to achieve complete re- 
vascularization with bypass grafting. Hospital mortality since 
1976 has been 0.8% (25/3,040). Hospital mortality was 
significantly increased by history of myocardial infarction, 
hypertension, heart failure, extent of anatomic disease, 
presence of preoperative ST-T wave changes. and severe 
abnormalities of left ventricular function. Hospital mortality 
in patients with ejection fraction <0.35 was 3.4% vs. 1.3% 
for those —0.35. Anginal pattern, history of hypertension, 
previous myocardial infarction, preoperative heart failure 
all significantly affected long-term survival. Occurrence of 
perioperative myocardial infarction did not adversely influence 
long-term survival. Patients with normal left ventricular 
function had excellent 42 month survival regardless of vessel 
disease (95%, 96%, and 94% for single, double, and triple 
vessel disease, respectively). Survival was significantly less 
for such patients with abnormal left ventricular function. 
Inability to achieve complete revascularization did not adversely 
affect hospital mortality, but did significantly reduce late 
survival. The important effect which complete revasculari- 
zation had on long-term survival appeared to increase with 
increasing severity of coronary disease. Although bypass 
grafting improves survival in patients with multivessel 
disease and left ventricular dysfunction, the benefits appear 
to be significantly reduced once manifestations of left ventricu- 
lar damage have occurred. 
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N SPITE OF VAST surgical experience in the treatment 
I of ischemic heart disease, the controversy over 
medical versus surgical therapy, and the proper clinical 
application of the coronary bypass operation continues 
to occur.' The adverse consequences of prolonged 
medical management with patient observation may be 
significant and the philosophy of initiating coronary 
arteriography only in patients who are refractory to the 
most intense medical therapy is wrong for several 
reasons. First, this approach will overlook those 
individuals who have significant left main coronary 
stenosis and are subject to sudden death.'! Second, 
the patient with severe multivessel coronary disease, 
though perhaps initially responsive to medical therapy, 
may have recurrent angina pectoris sometime during 
the follow-up period and be vulnerable to both sudden 
death or irreversible myocardial damage. Third, the 
young patient with multivessel disease will almost 
certainly have additional difficulty over any significant 
observation period and will remain at increased risk for 
a prolonged period of time. The risks of procrastination 
in patients with advanced coronary disease have been 
enumerated by others.*’* Lown, in his scholarly 
study on sudden cardiac death, reported an 80% 
mortality in patients having ventricular fibrillation, 
and in 75% of those individuals, severe multivessel 
coronary disease was found at autopsy.'5 Vismararr 
stated the incidence of sudden death in coronary 
patients treated medically to be 10% per year even 
though one-third of the group was on long-term beta- 
blockade treatment.?? 

Previously reported natural history studies have 
demonstrated that anginal pattern alone is not an 


0003-4932/80/0900/0390 $01.15 € J. B. Lippincott Company 


390 


Vol. 192 e No. 3 


accurate predictor of survival in patients with ischemic 
heart disease.* The classic early studies by Friesinger® 
and Bruschke? revealed that extent of anatomic coro- 
nary disease and status of left ventricular function were 
the primary determinants of longevity. Therefore, any 
approach to patient management which emphasizes 
preservation of myocardial functional integrity, will 
also lead to maximal patient survival. 

Itis not the purpose of this report to compare medical 
versus surgical treatment of ischemic heart disease, but 
to define those clinical variables which adversely 
affect hospital and late survival following coronary 
bypass grafting. Such information might influence 
patient management prior to development of irre- 
versible myocardial damage. Patients at high risk under 
medical therapy may also be at risk (though reduced) 
after myocardial revascularization. To identify these 
patients would be beneficial in order to modify their 
clinical course and obtain maximal patient salvage. 


Clinical Materials and Methods 


Computerized data bank records on 3,479 con- 
secutive patients having coronary bypass surgery 
between January 1973 and September 1979 were retro- 
spectively analyzed. 

Hypertension was defined as blood pressure ele- 
vation in patients which was sufficiently severe to 
require antihypertensive medication at some time prior 
to cardiac catheterization. Congestive heart failure 
was said to be present if there was a history of dyspnea 
or orthopnea or the patient had objective evidence 
of alveolor or interstitial pulmonary edema prior to 
catheterization. Unstable angina was defined according 
to the criteria of Logue, King and Hurst and did not 
require the presence of electrocardiographic ST-T 
changes. 

Vessel disease was considered hemodynamically 
significant if there was reduction in cross sectional 
area of 75% or greater by arteriographic examination. 
For left main disease, a lumenal reduction of 50% or 
more was considered significant. 

Evaluation of left ventricular function was per- 
formed by ventriculographic analysis of left ventricular 
regional wall motion, ejection fraction (right anterior 
oblique and biplane) and resting end diastolic pressure. 
Normal and mild impairment of segmental wall motion 
were treated as normal; moderate and severe im- 
pairment were classified abnormal. 


Operative Technique 


A disposable bubble oxygenator and systemic 
hypothermia to 28 C nasopharyngeal were used in all 
patients. Since 1975, patients have been maintained 
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on propranolol therapy up to the time of surgery. Cold 
(4 C) potassium or potassium hyperosmolar cardio- 
plegia has also been used since this time for myo- 
cardial preservation (Hyperkalemic solution: KCl 
solution [20 mEq/L] buffered to pH 7.40. Hyper- 
kalemic hyperosmolar solution [concentration in 
mEq/L]: K = 28, HCO, = 9.3, Na = 95.7, dextrose 
[5076] = 3.2 ml; mannitol 15% = 200 ml with steril 
H:O to 1,000 cc; pH = 8.1; osmol = 415 mosm at room 
temperature). Left ventricular filling pressure, cardiac 
output and peripheral resistance have been routinely 
monitored with the Swan-Ganz catheter. Since 1976, 
an uninterrupted aortic cross clamp technique has been 
used to perform all distal anastomoses. 


Perioperative Data Analysis 


Complete revascularization was said to have been 
accomplished if all arteries with significant disease 
were bypassed. Patients were classified as inotropic- 
dependent if they required an intravenous infusion of 
drugs to maintain blood pressure or adequate cardiac 
output following cardiopulmonary bypass. Periopera- 
tive infarction was said to have occurred if there was 
development of electrocardiographic new Q waves of 
at least 0.04 seconds duration. Hospital or operative 
mortality included any death occurring in the hospital 
from complications directly attributable to the 
operation. 

Survival curves were calculated by the acturial 
method according to Cutter and Ederer? with time zero 
being the date of operation. Statistical differences 
between patient groups were determined by chi square 
analysis. All survival curves depict gross and not 
cardiac survival. 

Because of the voluminous amount of data relating 
to such a large patient population, the number of 
patients involved in any given comparison frequently 
varied as a function of missing data for the variables 
involved. Missing data were usually attributable to 
clinical evaluation and cardiac catheterization per- 
formed outside our medical facility. 


Results 
Clinical Profile 


Of 3,479 patients, 84.3% were male. The mean age 
of the series was 54.6 years (SD — 8.9). The youngest 
patient receiving coronary bypass was 24 years, the 
oldest 78 years. As the series progressed, the propor- 
tion of patients over age 65 years increased. Between 
1973 and 1975, only 6% of the patient population was 
65 years or older. Between 1976 and 1979 1546 of the 
patients were over 65 years of age and 4% were 70 
years or older. A history of hypertension was present 
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TABLE 1. Composition of Patient Population According to Anatomic 
Disease and Left Ventricular Contractility Determined 
by LV Angiography 





LV Contractility 





Vessel Entire Series Normal Abnormal 
Disease (N = 2782) (N = 1718) (N = 1064) 
Single 20% (555) 25% (428) 12% (127) 
Double 32% (884) 33% (574) 29% (310) 
Triple 33% (912) 26% (446) 44% (466) 
LMCAD 15% (431) 16% (270) 15% (161) 





LMCAD: left main coronary artery disease. 
Numbers in parentheses indicate number of patients. 


in 36.196 of the patients (834/2309). Symptoms or signs 
of congestive heart failure were present at some time 
prior to admission in 796 of the patients (157/2210). 
Unstable angina, as previously defined was present in 
63.3% of the patients (1753/2770). Electrocardio- 
graphic changes of the ST-T segments (elevation or 
depression) was found immediately prior to surgery 
in 1396 of the patients (282/2118). A history of prior 
hospitalization for myocardial infarction occurred in 
55% (1298/2379). 


Catheterization Profile 
Arterial Disease 


The frequency and distribution of vessel disease 
Is seen in Table |. In the two periods, 1973— 1975 and 
1976-1979, the distribution of anatomic disease 
changed very little (Table 2). 


Left Ventricular Function 


Of those patients with abnormal left ventricular 
segmental contraction, 12% had single vessel disease 
and 4446 had triple vessel disease. This finding was 
in sharp contrast to patients having normal contractility, 
where 25% had single vessel disease and only 26% had 
triple vessel disease (Table 1). It was interesting to 
note that of the patients having double vessel disease, 
35% (310/884) already had evidence of left ventricular 
dysfunction at the time revascularization was performed. 

Left ventricular function was good in the majority 


TABLE 2. Patient Population by Years and Anatomic Disease 


Surgery Year 


Vessel 

Disease 1973-1975 1976-1979 
Single 19% (64) 20% (483) 
Double 35% (122) 31% (756) 
Triple 31% (108) 33% (796) 
LMCAD 15% (53) 16% (376) 


Numbers in parentheses indicate number of patients. 
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TABLE 3. Patient Population According to Angiographic 
Left Ventricular Contraction Pattern 





62% (1718/2782) 
38% (1064/2782) 


Normal Contractility 
Abnormal Contractility 
Hypokinesia 
one or more segments 
Akinesia (no aneurysms) 
one or more segments 


16% (438/2782) 


22% (615/2782) 





Numbers in parentheses indicate number of patients. 


of patients although in 22%, akinesis of one or more 
segments was present at the time of left ventricular 
angiography (Table 3). Only 4% of the patients 
(89/2240) had an ejection fraction equal to or less than 
0.35. Resting left ventricular end diastolic pressure 
was abnormal (greater than 15 mmHg) in 16.4% of 
patients (398/2421), and markedly abnormal (greater 
than or equal to 20 mmHg) in 8.4% (203/2421). 


Operative Experience 


Since initiation of the series, there has been 
a significant increase in the number of grafts performed 
per patient. For 1973 and 1974, the number of grafts 
per patient was 1.86 and 1.99 respectively. For 1978 
and 1979, the mean number of grafts per patient in- 
creased to 2.88 and 2.83 (p < 0.001). Table 4 demon- 
strates the frequency of single and multiple grafting 
throughout the seven-year clinical experience. 

As operative experience has increased aortic cross 
clamp time per graft has decreased (1974: 25.7 minutes; 
1979: 10.5 minutes/graft). A portion of this reduction 
in anastomotic time represents less frequent use of the 
internal mammary artery as an alternative for bypass 
grafting, although acquisition of technical experience 
has certainly played a major role. 


Perioperative Complications 


There has been a progressive downward trend in the 
incidence of perioperative infarction as manifested by 
new Q formation from a high of 14.1% in 1973 to 4.6% 
(27/590) in 1979 (p < 0.001). There was no correlation 
between incidence of perioperative infarction and 


TABLE 4. Incidence of Single and Multiple Grafting 
by Year of Experience 


Entire Experience 


1973-1979 1973-1975 1976-1979 
SCABG 14% (48 1/3433) 23% (92/393) 1396 (389/3040) 
=TCABG 56% (1908/3433) 29% 113/393) 59% (1795/3040) 


SCABG: single coronary bypass. 

TCABG: triple coronary bypass. 

Changes in grafting trends are highly significant (p < 0.001). 
Numbers in parentheses indicate number of patients. 
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TABLE 5. Relationship of Clinical, Anatomic and Functional Factors 
to the Development of Perioperative Infarction 


Incidence of EKG 


Descriptor New Q Formation Significance 
Angina 
unstable 4.596 (73/1605) NS 
stable 2.9% (9/315) 
Vessel disease 
SVD 4.4% (23/518) NS 
TVD 5.396 (45/844) 
LV contractility 
normal 4.196 (65/1602) NS 
abnormal 5.796 (55/965) 
Inotropic dependent 
no 4.196 (120/2901) p « 0.001 
yes 14.996 (25/168) 


SVD and TVD: single and triple vessel disease. 
Numbers in parentheses indicate number of patients. 


anginal pattern, extent of vessel disease, or angio- 
graphic abnormality of left ventricular wall motion. 
However, if a patient required inotropic support fol- 
lowing revascularization, the likelihood of finding 
perioperative transmural infarction was significantly 
increased (Table 5). 

The frequency of inotropic usage for the entire 
seven-year experience was 6.296 (213/3433). Inotropic 
requirements varied from a high of 13.596 in 1974 
(18/133) to alow of 5.7% in 1978 and 1979. As expected, 
patients with triple vessel and left main disease had a 
greater frequency of inotropic requirement than did 
patients with single or double vessel disease (7.996 and 
8.6% versus 3.8% and 4.2%; p < 0.001). Although the 
incidence of inotropic drug usage was greater in pa- 
tients with a history of heart failure (10.2%) or multiple 
myocardial infarctions (8.096) than in patients without 
such findings (6.2% and 5.5%), the differences were 
not statistically significant. However, the angiographic 
presence of left ventricular dysfunction did increase 
the likelihood of requiring inotropic support in the 
perioperative period (Table 6). 


Completeness of Revascularization 


The presence of previous myocardial infarction, 
history of heart failure, or angiographic left ventricular 
contraction abnormalities significantly reduced the 
ability to achieve total revascularization with bypass 
grafting (Table 7). For instance, in patients with 
incomplete revascularization, 34% gave no previous 
history of myocardial infarction. Conversely, in pa- 
tients whose revascularization was complete, 4896 of 
patients has no previous history of infarction. In ad- 
dition, 19% of patients with incomplete revasculari- 
zation had a history of multiple myocardial infarctions 
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TABLE 6. Effect of Left Ventricular Contraction Patterns and Ejection 
Fraction (EF) on Postoperative Inotropic Requirements 


Frequency of 


Descriptor Inotropic Requirement Significance 
Normal LVC 496 (76/1718) 
Abnormal EVE 9% (91/1064) p < 0.001 
Aiie 9% (57/615) 
EFx = 0.35 12% (11/89) p « 0.05 
EFx > 0.35 6% (130/2151) 


LVC: left ventricular contractility (angiographic). 


as opposed to 1146 of patients in whom total revascu- 
larization was ultimately achieved. These differences 
were highly significant (p < 0.001). In patients with 
incomplete revascularization, 5176 had abnormal left 
ventricular contractility patterns versus 33% abnormal 
contraction patterns for patients having total revas- 
cularization. 

As experience has increased over the years, the 
use of intra-aortic balloon pumping in the periopera- 
tive period has markedly decreased. In the three year 
period 1977 to 1979, balloon counterpulsation was used 
in only 0.8% patients (21/2616) who could not be 
weaned from cardiopulmonary bypass. 


Hospital Mortality 


Hospital mortality following myocardial revasculari- 
zation has decreased significantly since 1973. Between 
1973 and 1975, mortality was 5.696 (22/393). For the 
years 1976 through 1979, this figure was reduced to 
0.8% (25/3040). Hospital mortality was significantly 
increased by a preoperative history of infarction, 
hypertension, heart failure, extent of anatomic disease, 
presence of preoperative ST-T wave changes, and 


TABLE 7. Relationship of Clinical and Functional Descriptors 
to Completeness of Revascularization 


Incomplete Complete 
Revas- Revas- Signif- 

Descriptor cularization cularization icance 
Previous MI 

none 3496 (196/574) 48% (895/1876) p « 0.001 

one 46% (299/266) 4146 (571/769) 

multiple 19% (127/112) 11% (143/212) 
CHF 10% (S1/511) 696 (108/1691) p < 0.05 
Abnormal LYD 51% (326/1641) 3396 (745/2238) p « 0.001 
New Q Wave 5% (29/526) 5% (98/1875) p = NS 
Inotropes 8% (49/649) 6% (27/2263) p= NS 


MI: myocardial infarction; CHF: congestive heart failure; LVC: 
left ventricular contractility. 
Numbers in parentheses indicate number of patients. 


394 


TABLE 8. Influence of Heart Failure (CHF), Abnormal LV 
Function, Preoperative EKG Changes and Completeness 
of Revascularization on Hospital Mortality 








Signif- 
Descriptor Present Absent icance 
CHF 4% (6/157) 1% (26/2053) p< 0.01 
Abnormal LVF 2% (38/1064) 1% (20/1718) p= NS 
ST-TA’s 4% (11/282) 1% (20/1904) p< 0.001 
Incomplete re- 
vascularization 2% (13/649) 1.4% (32/2263) p= NS 
Surgical period 
1973-1975 5.6% (22/393) 
1976-1979 0.8% (25/3040) pos 3 





Numbers in parentheses indicate number of patients. 


severe abnormalities of left ventricular function. 
There was no statistically significant increase in hos- 
pital mortality for patients with unstable angina 
(Tables 8 and 9, Fig. 5). Hospital mortality was in- 
creased in patients who subsequently developed new 
q waves (2.1% versus 0.6% for patients without such 
findings). If patients were divided into groups according 
to ejection fraction, significant differences in hospital 
mortality could be predicted. For ejection fraction 
equal to or less than 0.25, mortality was 4.2% (1/24). 
If ejection fraction was between .25 and .49, mortality 
was 2.096 (9/454). If equal to or greater than 0.50, this 
figure was reduced to 1.296 (22/1762); p — 0.001. For 
patients with ejection fraction less than or equal to 
0.35, hospital mortality was 3.4% versus 1.3% for those 
greater than 0.35. Hospital mortality was insignificantly 
affected by an isolated finding of elevated resting 
left ventricular end diastolic pressure (less than 20 
mmHg = 1.5%; greater than or equal to 20 mmHg 
— 2.596). Angiographic analysis of abnormal segmental 
wall motion was less predictive of operative mortality 
than ejection fraction. There was no significant dif- 
ference in hospital mortality between patients with 
normal and those with abnormal left ventricular 


TABLE 9. Clinical Descriptors Influencing Hospital and Late Survival 








Hospital Actuarial Survival 

Descriptor Mortality Significance 36 Months 
Angina 

stable 0.6% (346) NS 97% 

unstable 1.7% (1753) 92% 
Hypertension 

absent 1.0% (1475) p = <0.05 85% 

present 2.2% (834) 89% 
‘Previous MI 

none 1.0% (1081) p = <0.001 95% 

one 1.8% (984) 90% 

>one 2.2% (314) 88% 





Numbers in parentheses indicate number of patients. 
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TABLE 10. Effect of Preoperative Anginal Pattern, Extent of Vessel 
Disease, Left Ventricular Contraction Pattern and Completeness 
of Revascularization on Relief of Angina 
Following Coronary Bypass 





Angina Free 





Descriptor or Improved Significance 
Angina (stable) 93% 
VS. NS 
Angina (unstable) 92% 
Vessel disease 
SVD 88% 
DVD, TVD, LMCAD 93% pont 
LV contractility 
normal 92% 
VS. NS 
abnormal 92% 
Complete revasc. 94% 
Incomplete revasc. 90% p = 0-00) 





SVD: single vessel disease; DVD: double vessel disease; TVD: 
triple vessel disease; and LMCAD: left main coronary artery disease. 


contractility. Interestingly, there was also no dif- 
ference in hospital mortality between patients with one 
abnormally contracting left ventricular segment and 
those with two or more abnormal segments. Operative 
mortality for patients with normal wall motion, one 
or more hypokinetic or one or more akinetic left 
ventricular segments was 1.2, 2.5 and 1.6%, re- 
spectively. 


Late Clinical Course 


Relief of angina following revascularization was not 
related to preoperative anginal pattern, or left ventricu- 
lar function. Angina relief was, however, influenced 
by preopertive vessel disease and completeness of 
revascularization (Table 10). The reason why patients 
with single vessel disease were more symptomatic 
after bypass than patients with multivessel disease 
could not be explained. 


Patient Survival 


Actuarial survival of all patients in the series is Shown 
in Figure 1. Anginal pattern, history of hypertension, 
previous myocardial infarction, preoperative heart 
failure, all affected long-term survival (Table 9, Figs. 
2 and 3). Patients with and without hypertension were 
analyzed for differences in anatomic disease and 
severity of left ventricular dysfunction. The frequency 
distribution for either factor was not significantly 
different between the two groups. The occurrence of 
perioperative infarction as determined by new Q wave 
formation did not adversely influence long-term sur- 
vival (Fig. 4). 

The influence which extent of anatomic disease had 
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Fic. 1. Actuarial survival of 
all patients regardless of 
anatomic disease or left 
ventricular function. 


Fic. 2. Effect of conges- 
tive heart failure on actuar- 
ial survival and hospital 
mortality. 


FiG. 3. Influence of hy- 
pertension on actuarial sur- 
vival and hospital mortality. 


CUMULATIVE SURVIVAL (%) CUMULATIVE SURVIVAL (%) 


CUMULATIVE SURVIVAL (%) 
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on early and late survival is seen in Figure 5. The effect | exceeded 20 mmHg. For 203 patients with resting left 
which left ventricular dysfunction (as determined by ventricular end diastolic pressure equal to or greater 
angiographic abnormality of segmental wall motion) than 20 mmHg, 24 month survival was 89.5% versus 
played on patient survival is depicted in Figures 6 94.5% for those with resting left ventricular end 
and 7. Angiographic presence of one or more hypo- diastolic pressure less than this value. 

kinetic segments appeared to affect long-term prog- 
nosis as significantly as akinesis (Fig. 8). When survival 
was correlated with ejection fraction (right anterior The ability to completely revascularize the myo- 
oblique projection), a definite influence of the latter cardium did not significantly affect hospital mortality, 
on survival could be detected. If ejection fraction was but did significantly influence late survival. If all 
normal (greater than or equal to 0.50), 36-month sur- factors except degree of revascularization were ig- 
vival was 94.5%. If less than 0.50, similar survival was nored, hospital mortality in patients with incomplete 
only 81%. The number of patients with ejection frac- — revascularization was 2.0% versus 1.4% in patients 
tion less than or equal to 0.35 (N = 89) was not great with complete revascularization (p = NS). Actuarial 
enough to construct an actuarial curve. Resting left ^ survival in patients with total revascularization was 
ventricular end diastolic pressure was predictive of significantly improved over those with incomplete 
reduced long-term survival only when it equaled or  revascularization (p < 0.001). Survival at five years 


Completeness of Revascularization 


100 
96 


92 





88 









VESSEL DISEASE 
Se ES Hosp. Mort. FiG. 5. Actuarial survival 
* Single Vessel N = 555 0.4% according to vessel disease. 
O Double Vessel N= 884 1.0% 
A Triple Vessel N = 912 1.9% 
A Left Main N - 431 3.0% 
P = <.005 


6 iZ 18 24 30 36 42 48 54 60 
MONTHS AFTER SURGERY 


84 


80 


CUMULATIVE SURVIVAL (%) 


76 


Vol. 192 e No. 3 


FiG. 6. Survival according 
to vessel disease and left 
ventricular function; normal 
contractility. 


Fic. 7. Survival according 
to vessel disease and left 
ventricular function; abnor- 
mal contractility. 


Fic. 8. Influence of hy- 
pokinesia and akinesia (one 
or more left ventricular wall 
segments) on survival. 
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was 9196 in the former group of patients and 8446 in 
the latter. Operative mortality was increased (although 
not significantly) for patients with incomplete re- 
vascularization regardless of whether there was double 
or triple vessel disease (Fig. 9). 


Discussion 


The history of medically-treated patients with 
ischemic heart disease has evolved over a period of 
prolonged observation. An understanding of the bene- 
fits and limitations of coronary bypass grafting in the 
treatment of this disease will require a similar devel- 
opnient from many centers. Richards et al. in 1956 re- 
ported 500 patients with angina pectoris followed 
medically for 25 years or until death. The annual 
mortality for the entire cohort was 496.5 The 
Framingham study published in 1972 also reported an 
annual mortality of approximately 4% with 62% of 
patients surviving ten years." Ischemic subsets were 
never defined in these early studies. Accurate 
interpretation of surgical results can only be made by 
carefully defining patients in terms of clinical, anatomic 
and functional characteristics. Regardless of whether 
medical or surgical treatment is selected for an 
individual, an aggressive diagnostic approach to define 
cardiac anatomy and function should be the first 
priority in caring for patients with ischemic heart 
disease. 

Previous studies of patients treated medically have 
emphasized the effect which extent of anatomic 
coronary artery disease and quality of left ventricular 
function have played on long-term survival.** Patients 
with single vessel disease and normal left ventricular 
function have a very favorable prognosis because of 
significant anatomic and functional reserve.* 5? On the 
other hand, the course of patients with triple vessel 
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disease treated medically is not nearly so good. Five- 
year survival for these patients is approximately 
45-55%.>+6-31 The average yearly attrition rate for 
patients with single, double and triple vessel disease is 
approximately 3, 7 and 10%, respectively.^5*! 

Patient survival appears to be significantly altered 
following the coronary bypass operation. In our own 
experience, 48-month survival for single, double and 
triple vessel disease was 90, 90 and 8846 respectively. 
This included all patients regardless of left ventricular 
function. As the observation period was extended, 
survival was similar for all degrees of anatomic disease; 
a finding at variance from previously reported studies 
of patients treated medically. Selection of patients 
with single vessel disease for myocardial revasculari- 
zation must be determined individually. Young or in- 
capacitated patients with high-grade isolated lesions of 
the proximal left anterior descending coronary artery 
or patients having significant left anterior descending 
disease presenting with unstable angina pectoris are 
usually offered surgery realizing that survival in the 
early years of observation may not be significantly 
improved over that of patients managed by medical 
treatment. Kouchoukos et al. found no significant 
difference in survival between medical and surgical 
patients having isolated left anterior descending 
disease and normal left ventricular function. In 29 
surgically-treated patients followed 24 months; 7% 
died, 17% had late myocardial infarction and only 
41% were angina free. Conversely, survival in 
patients with triple vessel disease has been in favor 
of surgery. In a comparison of medical and surgical 
patients with triple vessel disease, 36-month survival 
was 58 and 8546, respectively.'* The finding of no 
difference in survival between medical and surgical 
patients in the Veterans Administration Cooperative 
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Study may be partially explained by the fact that 
patients with poor left ventricular function were 
excluded (a situation which would favor medical 
therapy), operative mortality was high (5.6%) and 
graft patency was low (69% at one year).?'?* In medi- 
cally- or surgically-treated patients with single vessel 
disease, long-term survival frequently depends on how 
much associated disease is present with obstructions 
less than 50% in other arteries.?' Our finding that 48- 
month survival was similar for single and double vessel 
disease may be explained by progression of disease 
in a second artery after the initial operation. 

One of the most significant factors affecting sur- 
vival in medically treated patients with ischemic 
heart disease is the status of left ventricular func- 
tion. Survival is markedly reduced once left ventricu- 
lar damage has occurred.?*?? Survival at 36 months 
for medically treated patients with triple vessel disease 
and one or more areas of scar was 60%. If left ventricu- 
lar function was completely normal, survival was 7896.?? 
The effect of left ventricular function on survival 
is best illustrated for patients with left main coronary 
artery stenosis. If left ventricular function was normal, 
five-year survival was 54%. If abnormal, survival was 
reduced to 41%.” Vlietstra et al. have felt that status 
of left ventricular function so reliably predicts survival, 
that the prognostic value was not improved by addition 
of vessels diseased. Thus, even for single and double 
vessel disease, once left ventricular dysfunction has 
become significant, survival is appreciably decreased. 
The observed increased mortality rate with more ex- 
tensive vessel disease appears to be mediated through 
its association with a greater frequency of left 
ventricular dysfunction.?? 

In our surgical series, the majority of patients had 
normal or minimally impaired left ventricular function. 
However, akinesia of one or more left ventricular 
segments was present in 2246 of patients. There was 
a correlation between extent of anatomic coronary 
disease and abnormality of left ventricular function. 
As frequency of multivessel disease increased so did 
the incidence of abnormal left ventricular function. 
However, it was surprising to find over one-third of our 
patients with double vessel disease already had 
evidence of abnormal left ventricular function at the 
time of initial cardiac catheterization. As previously 
mentioned, the overall survival for patients with 
single vessel disease at 48 months was 90%, the same 
as for double vessel disease. However, if these same 
patients were separated into those with normal and 
abnormal left ventricular function, one finds that 
late postoperative death in patients with single vessel 
disease occurred primarily in those with damaged left 
ventricular myocardium. Survival at 42 months for 
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patients with single vessel disease and normal con- 
tractility was 95%, whereas in patients with single 
vessel disease and abnormal left ventricular function, 
survival at 24 months was already down to 9396. The 
effect which preoperative damage to left ventricular 
function has on patient survival even after revas- 
cularization can best be appreciated by comparing 
those patients with triple vessel disease and normal 
left ventricular function with those having abnormal 
ventricular function. If angiographic wall motion as 
normal, 42-month survival was 94%. If abnormal, 
survival was reduced to 84%. These findings agree 
with those of Loop who found 36-month survival in 
postbypass patients with moderate or severe left 
ventricular dysfunction to be 8446, whereas if left 
ventricular function was normal or near normal, sur- 
vival was 9396.'* The presence of akinetic or hypo- 
kinetic wall segments did not further differentiate 
patients into subgroups of ventricular dysfunction. 
Both conditions adversely affected survival and in 
some patients multiple areas of severe hypokinesia 
may be more functionally disadvantageous than a 
single akinetic segment. 

Another finding in the present series was that 
regardless of whether patients had single, double or 
triple vessel disease, if left ventricular function was 
normal, survival at 42 months was approximately 9596 
for each category of anatomic disease. This was not 
true for patients with abnormal left ventricular func- 
tion where the survival curves were much more un- 
stable with greater spread among the curves. Myo- 
cardial revascularization is most effective in patients 
with evidence of depressed left ventricular function 
secondary to ischemia. Dysfunction secondary to 
ischemia rather than fibrosis may be difficult to deter- 
mine at the time of preoperative catheterization. 
Vlietstra et al.?" divided medical and surgical 
patients according to three levels of ejection fraction. 
Surgery did not improve 36-month survival in those 
with very good ejection (0.50 or greater) or those with 
very poor ejection (less than 0.25). It was in the inter- 
mediate range (0.25—0.49) where revascularization 
appeared to change the course of medically treated 
patients with ischemic heart disease. Survival for 
medically treated patients was 68 versus 89% for those 
treated surgically.? Our experience revealed that 
patients in this same intermediate range of function 
(0.25—0.49) had a 36-month survival of only 81% versus 
95% survival if ejection fraction was above 0.49. The 
much less favorable course of patients with the poorest 
left ventricular function even after bypass was best 
illustrated when patients were separated according to 
ejection fractions greater or less than 0.35. Survival at 
36 months for the former was 93% versus 81% at only 18 
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months for patients with ejection fraction less than 
0.35. This strong correlation between status of pre- 
operative left ventricular function and ultimate 
prognosis after revascularization has been previously 
noted by Mundth.”° 

Elevation of left ventricular end diastolic pressure 
by itself has not been shown to have a significantly 
adverse effect on the natural course of ischemic 
heart disease in medically treated patients unless 
mediated through and associated with depressed left 
.ventricular function.?? Lown et al. have felt the mecha- 
nism of late death in nonsurgical patients having 
elevated ventricular end diastolic pressure and one 
or more zones of abnormal contraction is increased 
ventricular ectopy, ventricular tachycardia and ulti- 
mately ventricular fibrillation.'® In the present series of 
surgical patients, 24-month survival was adversely 
affected only when resting left ventricular end diastolic 
pressure exceeded 20 mmHg. 

The distressing effect which congestive heart failure 
has on the natural history of ischemic heart disease 
was reported by Bruschke.? Five-year cardiac mortal- 
ity was 84%. Interestingly, over half of these patients 
had single and double vessel disease. Reeves noted 
that if congestive failure was associated with ischemic 
heart disease, 22-month mortality in nonsurgical 
patients was 40% versus 8% for those without this 
finding. Surgical intervention in this group of patients 
had markedly reduced benefits.” Vismararr?? reported 
a medical-surgical series in which each group was 
matched for age, sex, anatomic disease and left ven- 
tricular function. He found that mortality from con- 
gestive heart failure was the same for both groups. 
However, the incidence of sudden death was greatly 
decreased in the surgical group (6 versus 2496). If 
patients with congestive failure are carefully selected, 
some worthwhile benefit may be obtained following 
coronary bypass.?!??7 However, we have found that 
long-term survival is significantly reduced in this 
group of patients. Survival at 24 months was already 
reduced to 86% versus 95% for those without a history 
of heart failure. 

The effect which myocardial infarction plays on the 
outcome of patients with ischemic heart disease treated 
medically has been the subject of considerable con- 
troversy over the past decade. Burgraff found prior 
myocardial infarction had a small effect on survival.* 
Webster’! however, noted that for single and double 
vessel disease, there was no increase in mortality for 
patients with previous myocardial infarction, but 
mortality was increased for patients with triple vessel 
disease. On the other hand, Oberman? found a striking 
difference in 22-month mortality for patients with and 
without previous infarction (31 versus 7%). Decreased 
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survival is mediated through depression of left ventric- 
ular function and conflicting reports can be accounted 
for by differences in ventricular performance.??? The 
role which myocardial infarction plays on survival 
in patients after revascularization again appears to be 
mediated through its effect on left ventricular function. 
In our own series, there was a significant difference 
in survival in patients without previous history of 
infarction (93%) and those with one (89%) and more 
than one (88%) myocardial infarction. 

The negative influence which hypertension has on 
the natural history of nonsurgical patients with 
ischemic heart disease has been described by others. 
Burgraff noted the presence of hypertension de- 
creased survival and Weinblad? observed that 30- 
month survival in patients with hypertension was 8196 
versus 92% for those with normal blood pressure. Both 
the Veterans Administration Cooperative Study”? and 
the work of Mathisen’? have stressed the importance 
of antihypertensive treatment in reducing morbidity 
for patients with hypertension. Unfortunately, in both 
studies the death rate reduction was primarily due to a 
decrease in cerebrovascular and not cardiovascular 
deaths. We were somewhat surprised to find that over 
one-third of our operated patients had a preoperative 
history of hypertension. Even after coronary artery 
bypass grafting, long-term survival for patients with a 
history of hypertension is significantly less than for 
patients without this finding. Whether this unfavor- 
able course is due to increased left ventricular muscle 
mass with subsequent fatal ventricular arrhythmias, 
acceleterated progression of coronary disease, or 
sudden fatal events such as aortic dissection is 
speculative at the present time. We have noted at the 
time of surgery, that patients with a long-standing 
history of hypertension have considerable increase 
in left ventricular muscle mass. At times, this may 
increase the difficulty of hypothermic myocardial 
preservation. Careful myocardial preservation in this 
particular group of patients is important to decrease 
left ventricular damage during the operative procedure. 
Adequate operative protection coupled with maximum 
long-term efforts to control hypertension following 
bypass may improve survival in this higher risk group 
of patients. 

Reduction in operative mortality over the years has 
been a result of improvements in both operative and 
myocardial preservation techniques.^'? In spite of 
these advances, hospital mortality continues to be 
adversely affected by a preoperative history of in- 
farction, hypertension, heart failure, multivessel 
coronary disease, preoperative electrocardiographic 
ST-T changes, and left ventricular dysfunction. The 
increased operative risk associated with a history of 
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Fifth Edition 


Rhoads 
TEXTBOOK OF 


SURGERY 


Principles and Practice 


Edited by JAMES D. HARDY, M.D. 


with 279 contributors 





Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume. Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures, possible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tabies 
5th Edition, 1977 / One Volume Format: $45.00 
Two Volume Format: $53.00 


Now Availablein Either OneorTwo VolumeForm! 
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Brief Summary 


Erythrocin: Piggyback 


(ERYTHROMYCIN LACTOBIONATE FOR INJECTION, USP) 


INDICATIONS — ERYTHROCIN PIGGYBACK (erythromycin 
lactobionate for injection) is indicated in the treatment of 
patients where oral administration is not possible or where 
the severity of the infection requires immediate high serum 
levels of erythromycin. Intravenous therapy should be replaced 
by oral administration at the appropriate time. 

Streptococcus pyogenes (Group A beta hemolytic strepto- 
coccus): Upper and lower respiratory tract, skin, and soft 
tissue infections of mild to moderate severity. 

Injectable benzathine penicillin G is considered by the 
American Heart Association to be the drug of choice in the 
treatment and prevention of streptococcal pharyngitis and in 
long term prophylaxis of rheumatic fever. 

When oral medication is preferred for treatment of the 
above conditions, penicillin G, V, or erythromycin are alternate 
drugs of choice 

Alpha-hemolytic streptococci (viridans group): Short-term 
prophylaxis of bacterial endocarditis prior to dental or other 
operative procedures in patients with a history of rheumatic 
fever cr congenital heart disease who are hypersensitive to 
penicillin. (Erythromycin is not suitable prior to genitourinary 
surgery where the organisms likely to lead to bacteremia are 
gram negative bacilli or the enterococcus group of streptococci.) 

Staphylococcus aureus: Acute infections of skin and soft 
tissue of mild to moderate severity. Resistant organisms may 
emerge during treatment 

Streptococcus pneumoniae (Diplococcus pneumoniae): For 
upper respiratory tract infections (e.g. otitis media, pharyn- 
gitis) anc lower respiratory tract infections (e.g. pneumonia) 
of mild to moderate severity. 

Mycoplasma pneumoniae (Eaton agent, PPLO): For «espira- 
tory infections due to this organism. 

Hemophilus influenzae: For upper respiratory tract infec- 
tions of mild to moderate severity, when used concomitantly 
with adequate doses of sulfonamides. (See sulfonamide label- 
ing for appropriate prescribing information.) The concomitant 
use of the sulfonamides is necessary since not all strains of 
Hemophilus influenzae are susceptible to erythromycin at the 
concentrations of the antibiotic achieved with usual 
therapeutic doses 

Corynebacterium diptheriae. As an adjunct to antitoxin to 
prevent the establishment of carriers and to eradicate the 
organism in carriers. 

Corynebacterium minutissimum: |n the treatment of erythrasma. 

listeria monocytogenes: Infections due to this organism 

Neisseria gonorrhoeae. ERYTHROCIN PIGGYBACK (ery- 
thromycin lactobionate for injection) in conjunction with 
erythromycin stearate or base orally, as an alternative drug 
in treatment of acute pelvic inflammatory disease caused by 
N. gonorrhoeae in female patients with a history of sensitivity 
to penicillin. Before treatment of gonorrhea, patients who are 
suspected of also having syphilis should have a microscopic 
examination for 7 pallidum (by immunofluorescence or dark- 
field) before receiving erythromycin, and monthly serologic 
tests for a minimum of 4 months 


Legionnaires’ Disease: Although no controlled clinical 
efficacy studies have been conducted, jn vitro and limited 
preliminary clinical data suggest that erythromycin may be 
effective in treating Legionnaires Disease 


CONTRAINDICATIONS — Erythromycin is contraindicated 
in patients with known hypersensitivity to this antibiotic 


PRECAUTIONS — Since erythromycin is principally excreted 
by the liver, caution should be exercised when erythromycin 
is administered to patients with impaired hepatic function 

Prolonged or repeated use of erythromycin may result in 
an overgrowth of non-susceptible bacteria or fungi. If super- 
infection occurs, erythromycin should be discontinued and 
appropriate therapy instituted 

Areas of localized infection may require surgical drainage 
in addition to antibiotic therapy. 

Recent data from studies of erythromycin reveal that its 
use in patients who are receiving high doses of theophylline 
may 5e associated with an increase of serum theophylline 
levels and potential theophylline toxicity. In case of theo- 
phylline toxicity and/or elevated serum theophylline levels, 


the dose of theophylline should be reduced while the patient 
is receiving concomitant erythromycin therapy 
Usage during pregnancy and lactation. The safety of erythro- 
mycin for use during pregnancy has not been established 
Erythromycin crosses the placental barrier. Erythromycin 
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CRYTHRORTCUE LACTOBIONATE SPARC MYCIN Ace 
<a CHOM. USP 300 mg per Via) 


sages ain Dy S 7o dolos senes 
dme 18 amante BE ay 


[£14 12d bu Qgs 
han» valet; 


Oo WLS 
BOS 31 YNORICL Pr) NIDTAMNQUE i AnD 


WIVGASSId -NIQOWHLARI 


See entioture tor et of dob eel 


j 
: 
i 
$. 


The only erythromycin of any kind available | =" Prepared in and administered from 
in piggyback... indicated for Legionnaires’ Disease, W its own dispensing vial 


mycoplasmal and pneumococcal pneumonia = May be prepared with any one of 
plus a number of other susceptible pathogens. 8 diluents 


Erythromycin may also be used to treat infections = Convenient storage 
caused by indicated organisms in patients who | * 8 hours at room temperature 
are allergic to penicillin or to penicillin derivatives. | * 24 hours under refrigeration 

* 30 days frozen 0043347 V 


ABBOTT 


Erythrocin Piggyback...erythromycin i m». 
lactobionate...can provide high serum | Er thr fol e] 4j 
levels via intermittent intravenous | ": 7 

antibacterial therapy. See your Abbott "s : af ggyback 
Representative for complete information on |: FOR INJECTION, USP) 
Erythrocin Piggyback, or contact: Dept. 498, | E When mixed as directed, each 100 ml contains: 
Abbott Laboratories, North Chicago, Ill. 60064 Erythromycin lactobionate 


equivalent to erythromycin. .......... 500 mg. 
Please see opposite page for Brief Summary ©1980 Abbott Laboratories Benzyl alcohol 
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Our single-use special 
procedures instruments 
are so special, it will 
break your heart 

to throw them away. 








From the time you select an Acme United 
Generation Il single-use kit or instrument, until 
the moment you part with it, you should be well 
pleased with the feel, precision and strength. 


These very special special procedures instru- 
ments perform to your most rigid demands in 

the ER or in floor use. In fact, they work so well, it 
might just break your heart that they're single-use. 


But that s what makes them so special. They're 
built well enough to compare with OR-grade 
instruments for special procedures, yet they're 
inexpensive enough to be discarded after a 
single use. 


Each hemostat, forceps, scalpei, scissors, and 
needle holder has the bite, snap or grip of an 
Instrument costing many times its price. All we've 
left out is the extra armament required to with- 
stand the battle of the autoclave. 


90 your hospital saves important labor costs with 
these sterile-packed single-use instruments and 


jv oam 
kits, and you help fight the battle of cross con- "The Heartbreakers” 


tamination without concerns over loss or pilferage. 


We've built 17 different instruments and arrayed 
them in more than 20 sterile kits for suture re- 
moval, general purpose wound closure, and 
incision and drainage. Each instrument is de- 
signed to perform perfectly once, and be gone. 


Our Generation ll is a genuine heartbreaker. To 
consign such fine instruments to the waste pail 
may break your heart, but it won't break 

your budget. 
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Acme United Corporation 
Medical Products Division 
Bridgeport, Connecticut 06609 
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The Kendall Company manufactures many apparel, lap sponges, x-ray detectable sponges, 
products whose presence, performar ce and and other O.R. supplies. 

quality are a vital part of any surgical procedure. ^ Kendall Operating Room Products are there 
Products you may use every day and may not ... every day, in every procedure...meeting the 


be aware of . . . from surgical drape packs to exacting demands of the surgical profession. 
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BUT WHAT IF WE WEREN'T? 


The Kendall Company manufactures the CURITY Sponge Counters, CURITY Sterile Com- 
following products for O.R. use: KERLIX Lap ponents and CURITY Face Masks. 


Sponges, KERLIX Round Sponges, KERLIX Rolls, KENDALL 


CURITY Drape Packs, CURITY Apparel, CURITY 
Gowns, TRIPAQUE Sponges, RONDIC Sponges, INNOVATORS IN PATIENT CARE 


CURITY, KERLIX, RONDIC and TRIPAQUE are trademarks of The Kendall Company, Hospital Products, One Federal Street, Boston, MA 02101. 








WHEN GRAM-NEGATIVE INFECTION 
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TICAR 


_ [Ticarcilin Disodium] _ 


AND GENTAMICIN 
ORTOBRAMYCIN: 








EFFECTIVE CONCOMITANT THERAPY 
FOR SERIOUS INFECTIONS 


TICAR® when used with an appropriate aminoglyco- e TICAR is proven ’...effective regardless of the 
side, provides these additional advantages: patient's neutrophil count: 
e Wide margin of safety common to the penicillin. 


x BROADER ANTIBACTERIAL COVERAGE in vitro, Note: A history of penicillin allergy is a contraindication. 


when combined, than each antibiotic has alone. : 
This enlarged spectrum includes such aerobes and * No nephrotoxicity or ototoxicity reported to date* 
anaerobes as: Pseudomonas aeruginosa, EScher- * 41% lower daily sodium load at recommended 
ichia Coll, Klebsiella Spp.. Staphylococcus aureus, dosages, when compared to carbenicillin for treatit 
and Bacteroides spp. (B. fragilis). severe systemic Pseudomonas infections* 


*Data on file, Medical Department. Beecham Laboratories. 
; PROVEN IN VITRO SYNERGISM that reduces the 1. Bodey GP, et al: Management of bacterial infections in cancer patients. 
MIC's (Minimum Inhibitory Concentrations) of Reprinted with permission from: Proceedings of the 9th International Con- 
these antibiotics for P aeruginos el gress of Chemotherapy. London. 1975. 1. Clinical Aspects of Infections. 


Available on request. 


1 PES : aD Piease see important brief summary of prescribing information on next page. 
Note: /n vitro susceptibility should not be translated into clinical 


efficacy. 
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TICAR 


(Sterile Ticarcillin Disodium) 


for Intramuscular or Intravenous Use 
For complete prescribing information, consult official package insert. 


ACTIONS: Ticarcillin is bactericidal; it is not absorbed orally, there- 
fore, it must be administered intravenously or intramuscularly 


INDICATIONS: TICAR (Ticarcillin Disodium) is indicated for the 
treatment of the following infections: 
Bacterial septicemiat 
Skin and soft-tissue infections t 
Acute and chronic respiratory tract infections 1 . 
[outed by susceptible strains of Pseudomonas aeruginosa, 
roteus species (both indole-positive and indole-negative) 
and Escherichia colli. 
t (Though clinical improvement has been shown, bacterio- 
logical cures cannot be expected in patients with chronic 
respiratory disease or cystic fibrosis.! 
Genitourinary tract infections (complicated and uncomplicated) 
due to susceptible strains of Pseudomonas aeruginosa, Pro- 
teus species (both indole-positive and indole-negative), 
Escherichia coli, Enterobacter and Streptococcus faecalis 
(enterococcus). 

Ticarcillin is also indicated in the treatment of the following 

infections due to susceptible anaerobic bacteria: 

(1) Bacterial septicemia. 

(2) Lower respiratory tract infections such as empyema, anaerobic 
pneumonitis and lung abscess 

(3) Intra-abdominal infections such as peritonitis and intra-abdomi- 
nal abscess (typically resulting from anaerobic organisms resi- 
dent in the normal gastrointestinal tract). 

(4)Infections of the female pelvis and genital tract such as endo- 
metritis, pelvic inflammatory disease, pelvic abscess and 
salpingitis. 

(5) Skin anc soft-tissue infections. 

Although Ticarcillin is primarily indicated against Gram-negative 
infections, its in vitro activity against Gram-positive vd ag oli 
should be considered in treating infections caused by both Gram- 
negative and Gram-positive organisms 

ased on the in vitro synergism between Ticarcillin and genta- 
micin sulfate or tobramycin sulfate against certain strains of 

Pseudomonas aeruginosa, combined therapy has been successful, 

using full therapeutic i t 
Culturing and susceptibility testing should be performed initially 

and during treatment. 


CONTRAINDICATIONS: A history of allergic reaction to any of the 
penicillins is a contraindication. 


WARNINGS: Vero (ee may occur, especially in patients with an 
allergic diathesis. Check for a history of allergy to penicillins, 
cephalosporins or other allergens. If an allergic reaction occurs, the 
drug should be discontinued unless, in the opinion of the physician, 
the condition being treated is life-threatening and amenable only to 
Ticarcillin therapy. Serious anaphylactic reactions require immediate 
emergency treatment with epinephrine, oxygen, intravenous steroids 
and airway management. 

Some patients receiving high doses of Ticarcillin may develop 
hemorrhagic manifestations associated with abnormalities of coagu- 
lation tests. Patients with renal impairment, in whom excretion of 
Ticarcillin is delayed, should be observed for bleeding manifesta- 
tions. Such patients should be dosed strictly according to recom- 
mendations. If bleeding manifestations appear, Ticarcillin treatment 
ne ad discontinued and, if necessary, appropriate therapy in- 
stituted. 


PRECAUTIONS: During prolonged treatment, periodic checking for 
organ system dysfunction (renal, hepatic and hematopoietic) is 
advisable. If overgrowth of resistant organisms occurs, the appro- 
priate therapy should be initiated 

Since the theoretical sodium content is 5.2 milliequivalents (120 
mg) per gram of Ticarcillin, electrolyte and cardiac status should 
be monitored carefully. 

In a few patients receiving intravenous Ticarcillin, hypokalemia 
has been reported. Serum potassium should be measured 
periodically. 


USAGE DURING PREGNANCY: Reproduction studies have been 
performed in mice and rats and have revealed no evidence of 
impaired fertility or harm to the fetus due to Ticarcillin. There are 
no well-controlled studies in pregnant women, but investigational 
experience does not include any positive evidence of adverse 
effects on the fetus. Although there is no — defined risk, 
such experience cannot exclude the possibility of infrequent or 
subtle damage to the fetus. Ticarcillin should be used in pregnant 
women only when clearly needed. 


ADVERSE REACTIONS: The following adverse reactions may 
occur: skin rashes, pruritus, urticaria, drug fever, nausea, vomiting, 
anemia, er ee leukopenia, neutropenia, eosinophilia. 
SGOT and SGPT elevations have been reported. Patients, especially 
those with impaired renal function, m pomen convulsions or 
neuromuscular excitability when very high doses of the drug are 
administered 

Local reactions at the site of injection have been reported. 
Vein irritation and phlebitis can occur, particularly when undiluted 
solution is directly injected into the vein. 


DOSAGE AND ADMINISTRATION: Usual adult recommended dos- 
age in bacterial septicemia, respiratory tract infections, Skin and 
soft-tissue infections, intra-abdominal Infections and infections of 
the female pelvis and genital tract, is 3 grams by intravenous in- 
fusion every 3, 4 or 6 hours depending on weight and severity of 
infection; in uncomplicated urinary tract infections, 1 gram I.M. or 
direct I.V. q.i.d.; in complicated urinary tract infections, 3 grams q.i.d. 
by I.V. infusion. 

Please consult official package insert for details on dosages for 
atients with renal insufficiency, children, neonates and directions 
or use 

Supplied: 
1 Gm, 3 Gm and 6 Gm Standard Vials 
3 Gm and 6 Gm Piggyback Bottles 
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SECOND EDITION 
a 


illustrated Preoperative 


and Postoperative Care 


d 
By Philip Thorek, M.D., F.A.C.S., F.I.C.S 


Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 


Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recoverv room, use of fluid 
and electrolvtes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
thev pertain to the therapeutic value of various 
drugs. 

The beautiful illustrations support the text ad- 
mirablv, and in manv cases are fully explanatory 
in themselves. 


«« 


. a useful reference source for neophyte or 

experienced surgeon alike.—Militarv Medicine 
. invaluable to any student, surgeon, resident, 

intern or clerk, who ever intends to do surgery 

of any type. —International Surgery. 

147 Pages * 79 Illus. * 2nd Edition, 1973 * 

$14.00 
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Replacement of the Ascending Aorta and Aortic Valve 


with a Composite Graft 


Results in 86 Patients 


NICHOLAS T. KOUCHOUKOS, M.D., ROBERT B. KARP, M.D., EUGENE H. BLACKSTONE, M.D., JOHN W. KIRKLIN, M.D., 


We reviewed our entire experience with composite graft 
replacement of the ascending aorta and aortic valve during 
a 63 month interval ending in December, 1979. Anuloaortic 
ectasia was the most common indication for operation, fol- 
lowed by aortic dissection (acute and chronic). Hospital mor- 
tality was 5% and was related to the preoperative functional 
status and the duration of intraoperative myocardial ischemia. 
Reoperation on the ascending aorta for reasons other than 
postoperative hemorrhage was required in five of the 82 hospital 
survivors (6%). By actuarial analysis, 90% of hospital sur- 
vivors were free of any reoperation on the ascending aorta 
or aortic valve three years postoperatively, and 93% were free 
of reoperation related specifically to the composite graft. 
Pseudoaneurysms at the coronary ostia or distal aortic anasto- 
mosis were observed in five of 16 patients having postoperative 
angiography. One of the five patients has required reoperation. 
Follow-up has averaged 23.5 months (range: 0.2—60 months). 
Three year actuarial survival for the 86 patients was 81%, 
for 44 patients with anuloaortic ectasia was 88%, and for 31 
patients with aortic dissection was 83%. Composite graft 
replacement of the ascending aorta and aortic valve is a satis- 
factory alternative to supracoronary graft replacement and 
aortic valve replacement. It offers the advantage of excluding 
all aneurysmal tissue from the aortic anulus to the innominate 
artery, thereby eliminating the potential for later develop- 
ment of aneurysms of the sinuses of Valsalva, a known com- 
plication of the supracoronary technique. It is the method of 
choice for patients with anuloaortic ectasia and cephalad 
displacement of the coronary ostia. It is suitable for many 
patients with acute or chronic dissection and for patients 
with sinuses of Valsalva aneurysms following previous opera- 
tions on the ascending aorta or aortic valve. 


NCERTAINTY EXISTS REGARDING the optimal 
U surgical treatment of aneurysms of the ascending 
aorta associated with aortic valvular disease. Two 
general methods are currently employed: 1) Supra- 
coronary graft replacement of the ascending aorta and 
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aortic valve replacement (or repair), and 2) replacement 
of the ascending aorta and aortic valve with a com- 
posite graft consisting of a woven Dacron® tube graft 
and an aortic valve prosthesis, with anastomosis of the 
coronary arteries to the tube graft. 

In this report we present our total experience with 
composite graft replacement of the ascending aorta and 
aortic valve during a five-year period. Based on this 
experience, our current indications for the use of this 
prosthesis are presented. 


Materials and Methods 


Between September, 1974, and December, 1979, 86 
patients had replacement of the ascending aorta and 
aortic valve with a composite graft. The results of 
operation in the first 25 of these patients have been 
previously reported.' The mean age of the 86 patients 
was 48 years (range: 16-77 years), and 59 patients 
(6976) were males. Nineteen of the patients (22%) had 
clinical stigmata of Marfan's syndrome. The abnor- 
malities of the ascending aorta resulting in the aneurysmal 
changes are summarized in Table 1. Anuloaortic ectasia? 
(dilatation of the sinuses of Valsalva with associated 
moderate or severe aortic valvular incompetence, 
cephalad displacement of the coronary ostia, and 
varying degrees of dilatation of the more distal ascend- 
ing aorta) was the most common indication for opera- 
tion. Six of the 21 patients with DeBakey Type I and 
seven of the ten patients with DeBakey Type II dis- 
sections? also had anuloaortic estasia. Nine of the 
86 patients (10%) had previous operations on the ascend- 
ing aorta and/or aortic valve a mean of 64 months (range: 
30-95 months) prior to operation. Seven of these 


0003-4932/80/0900/0403 $01.05 © J. B. Lippincott Company 


403 


404 


TABLE 1. Abnormalities of the Ascending Aorta in the 86 Patients 








Number 
Abnormalit y of Patients 
Anuloaortic ectasia 44 
DeBakey Type I dissection 21 
acute 7 
chronic 14 
DeBakey Type II dissection 10 
acute l 
chronic 9 
Aneurysms of sinuses of Valsalva following graft 
replacement of ascending aorta for: 8 
dissection 7 
anuloaortic ectasia l 
Poststenotic dilatation l 
Luetic aortitis 2 
Total 86 





patients had graft replacement of the ascending aorta 
for acute or chronic dissection and developed progres- 
sive aortic valvular incompetence and aneurysms of 
the sinuses of Valsalva. One patient had anuloaortic 
ectasia and had undergone supracoronary graft replace- 
ment and insertion of an aortic valve allograft. At the 
second procedure, the degenerated allograft and the 
aneurysmal sinuses of Valsalva were replaced with a 
composite graft. The ninth patient had stenosis of a 
Starr- Edwards cloth-covered metallic ball prosthesis 
(Model 2320) and severe poststenotic dilatation of the 
ascending aorta. 

The preoperative New York Heart Association 
functional class for 85 patients is shown in Table 2 
(class unknown for one patient). Nine patients were 
Class I, 25 were Class II, 35 were Class III, and 16 
patients were Class IV. Of the 16 Class IV patients, 
five required emergency operation for acute dissection. 
We have termed these patients Class V for purposes 
of analysis. 

During the study interval, 11 additional patients had 
supracoronary graft replacement of the ascending 
aorta and aortic valve replacement. Two patients 
had anuloaortic ectasia, four had acute dissections, 
one had poststenotic dilatation of the ascending aorta, 
and four had aneurysms of the ascending aorta which 
did not involve the sinuses of Valsalva with associated 
aortic valvular incompetence. Use of a composite 
graft was deemed unnecessary by the surgeon or could 
not be used for technical reasons in eight of these 
patients. There were two hospital deaths. These patients 
l will not be considered in the subsequent analyses. 


Operative Technique 


The most commonly employed technique, with 
modifications, was that described by Bentall and De 
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Bono! and Edwards and Kerr,? and was used in 75 
patients (Group I). A median sternotomy incision is 
used and the common femoral artery is exposed for 
cannulation. A large single venous cannula is inserted 
into the right atrium for venous return into the extra- 
corporeal circuit. Cardiopulmonary bypass is established 
at a flow of 2.2 L/min/M? using hemodilution (hematocrit 
20-30%) and moderate systemic hypothermia (24- 
28 C). Lower temperatures and flows are often used 
for short intervals. Direct coronary perfusion was 
used as the method for myocardial protection in five 
patients. In 32 patients, internal and external cooling 
of the myocardium with 4 C Ringer's solution during 
aortic clamping was used.! In the 49 remaining and most 
recent patients, hypothermic potassium-induced 
cardioplegia was employed using a standard solution? 
infused into the coronary ostia. With the cardioplegic 
technique, myocardial temperature is measured con- 
tinuously during the period of aortic clamping using a 
thermistor probe, and is kept below 18 C by additional 
infusions of the cardioplegic solution. 

A vent is inserted into the left ventricle through the 
right superior pulmonary vein. After clamping the aorta 
just below the innominate artery, the ascending aorta 
is opened anteriorly using a vertical incision which is 
extended obliquely toward, but not into, the non- 
coronary sinus (Fig. la). None of the aneurysm is 
excised and the edges are retracted with stay sutures 
(Fig. 1b). The aortic leaflets are excised and the ap- 
propriate-sized composite prosthesis is selected. The 
prosthesis is usually preclotted by adding topical 
thrombin (2 ampules) to 50 ml of warm heparinized 
blood collected at the beginning of cardiopulmonary 
bypass. While the graft is being prepared, double- 
armed 2-0 Ticron? pledgeted sutures are placed into 
the aortic anulus. These are then passed through the 
sewing ring of the prosthesis (Fig. Ic) and secured. 
They are placed close enough to each other to assure 
a watertight closure (Fig. Id). Single interrupted 


TABLE 2. Preoperative Functional Class 





NYHA* Functional Class 





No. of 

Aortic Disease Patients I Il Ill IV X. 
Anuloaortic ectasia 441 4 14 19 7 
Chronic dissection 30 5 11 13 l 
Acute dissection 8 1 2 3 
Luetic aortitis or 

poststenotic di- 

latation E x a E: E! E 
Totals 85 9 25 35 11 5 





* New York Heart Association. 
+ Emergency operation. 
ti Class unknown for one patient. 
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Fic. 1. (A) Vent inserted through right superior pulmonary vein into the left ventricle. Dashed line indicates aortic incision. (B—I) Operative 
technique (see text for details). 
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sutures or a continuous Prolene? suture technique 
can also be used. A button of graft, 8—10 mm in di- 
ameter, is next excised from the graft with a cautery* 
in the area corresponding to the location of the left 
coronary ostium (Fig. Id). The graft is sutured to the 
aortic wall adjacent to the ostium with a continuous 
4-0 Prolene suture. (Figs. 1d and e). If the aortic wall is 
friable, the suture line can be reinforced with pledgeted 
mattress sutures as described by Mayer et al.’ A button 
of graft is similarly excised anteriorly and the graft 
is sutured to the right coronary ostium (Fig. le). The 
left edge of the divided aorta is reflected anteriorly 
as this anastomosis is completed (Fig. 1f). In cases of 
acute or chronic dissection, the aortic tissue around the 
coronary ostia, particularly the right, may be friable. 
In this situation or in others which the aortic tissue 
may not support sutures, it is preferable to detach the 
coronary ostium and suture it directly to the tube graft 
or perform an end-to-end* or end-to-side anastomosis 
to a saphenous vein graft, anastomosing the proximal 
end of the vein graft to the tube graft or to the aorta 
distal to the graft. 

The tube graft is then trimmed to the appropriate 
length and is bevelled with the tip of the bevel anteriorly. 
A strip of Teflon? felt is passed around the aorta and is 
used to reinforce the distal suture line (Fig. 1f). The 
graft is anastomosed to the aorta just proximal to the 
aortic clamp with a 3-0 Prolene suture using a horizontal 
mattress stitch which begins posteriorly and incor- 
porates the Teflon strip, the aorta (both inner and 
outer layers when a dissection is present) and the graft. 
The suture line is extended anteriorly everting the graft 
under the opened aorta, and secured (Figs. lg and h). 
Rewarming is begun, a needle vent is placed in the 
aorta distal to the graft, and the aortic clamp is opened 
to evacuate air from the graft and to locate areas on 
the various suture lines that may require reinforcing 
sutures. Usually, there is minimal bleeding through 
the graft. The edges of the aorta are trimmed (Fig. 1h), 
and approximated with a continuous 3-0 Prolene suture 
reinforced with strips of Teflon felt (Fig. 1i). If bleeding 
through the graft is excessive, the aorta is reclamped 
and the closure completed. After closure of the aorta, 
the heart is defibrillated, the left-sided vent is removed, 
air is evacuated from the left ventricle and aorta, and 
cardiopulmonary bypass is discontinued. 

In patients with previous graft replacement of the 
ascending aorta who develop aneurysms of the sinuses 
of Valsalva, the dilated noncoronary sinus is incised 
and the operation is performed similarly except that the 
` tube graft is sutured distally to the previously inserted 
Dacron graft. 

An alternative technique. was employed in 11 of the 





* Concept Cautery, Concept, Inc., Clearwater, Florida. 
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86 patients (Group II). Four of these had anuloaortic 
ectasia, four had acute or chronic dissections, and 
three had aneurysms of the sinuses of Valsalva follow- 
ing previous operations for acute dissection. The 
ascending aortic aneurysm is totally or partially excised, 
the aortic valve is excised, and the aortic prosthesis 
is sutured to the anulus. Buttons of aorta surrounding 
the coronary ostia are fashioned and are anastomosed 
to openings in the tube graft. The procedure is other- 
wise similar to that for the Group I patients except 
that the aorta is not wrapped around the graft. Technical 
problems precluded wrapping in six of these patients. 
The surgeon elected not to wrap the aorta in the other 
five patients. 

A total of ten patients (eight patients in Group I, two 
patients in Group II) required coronary bypass grafts 
(eight for coronary atherosclerosis and two because 
of difficulty in completing the graft-coronary ostial 
anastomoses). The anastomoses of the grafts to the 
coronary arteries were performed during the period of 
aortic clamping. The anastomoses to the aorta distal to 
the aortic graft or to the graft were performed after 
completion of the distal aortic anastomosis. Two pa- 
tients required concomitant mitral valve replacement. 
The mean duration (+SD) of cardiopulmonary bypass 
was 116 + 36.8 minutes (range: 73-317 minutes) and of 
aortic clamping 79 + 19.4 minutes (range: 50—134 
minutes). The duration of hypothermic ischemic arrest 
for 32 patients was 69 + 14.7 minutes and of hypo- 
thermic cardioplegia for 49 patients was 85 + 20.1 
minutes. 

In 25 patients, woven Dacron tube grafts were sutured 
to various prosthetic valves: Starr-Edwards Model 
1260 aortic prostheses (four patients), porcine xeno- 
grafts (four patients), or Bjork-Shiley tilting-disc 
prostheses (17 patients). The tube grafts were 3-5 mm 
larger in diameter than the outside diameter of the pros- 
thetic sewing ring. Composite grafts prepared by the 
Shiley Laboratories (Bjork-Shiley Aortic Graft Valve 
Prosthesis) were used in the remaining 61 patients. 


Follow-up 


Follow-up information was available for all hospital 
survivors. Evaluation was by examination or by cor- 
respondence with the patient and the referring physician. 
The date of last inquiry was between November 1979 
and January, 1980. The mean duration of follow-up 
was 23.5 months (range 0.2 to 60 months). Thirty- 
eight patients have been followed for more than two 
years and 22 for more than three years. 


Statistical Methods 


Characteristics of the study group were analyzed 
using the standard t-test (with correction for non- 
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TABLE 3. Hospital Mortality 
Se m MU We ms ur ANM ae S a ee ee ee | A 


No. of 
Patients 


Aortic disease 


anuloaortic ectasia 45 

chronic dissection 30 

acute dissection 8 

luetic aortitis or poststenotic dilatation 3 
Myocardial protection 

coronary perfusion 5 

hypothermic ischemic arrest 32 

hypothermic cardioplegia 49 
Operative technique 

group I 75 

group II 11 


Hospital Deaths 7096 
Confidence p 
No Per Cent Limits Value 


0 = 0-4% 

l 3 0.4-11% 

2 25 8-50% ida 
l 33 4-76% 

0 m 0-31% 

2 6 2-14% 0.7 
2 4 1-9% 

2 3 1-6% 

2 18 6-38% | = 


nn 


homogeneous variances when the F-test rejected at 
p < 0.2) and the nonparametric rank test for con- 
tinuous variables, and contingency table analysis 
for categorical variables (Fisher’s exact test was used 
for2 x 2 tables and the maximum likelihood chi square 
test for 2 x K tables). 

Factors associated with incremental risk of hospital 
death were identified using multivariate logistic regres- 
sion analysis. The variables examined included age 
at operation, the extended preoperative New York 
Heart Association functional class, myocardial ischemic 
time, the use of coronary bypass grafting, Group I 
versus Group II, and aortic pathology. 

Actuarial analyses were performed using the product- 
limit method." Factors associated with sudden late 
death were analyzed using multivariate proportional 
hazard regression.!?:'? 


Results 
Early Results 


Mortality. Hospital mortality was 596 (four patients). 
There were no deaths among the 45 patients with 
annuloaortic ectasia, one death in the 30 patients with 
chronic dissection (396), two deaths in eight patients 
with acute dissection (25%), and one death among the 
three patients with luetic aortitis or poststenotic 
dilatation (33%) (Table 3). There were no deaths among 
the nine patients undergoing secondary procedures, 
and they are included in the above categories in Table 
3. Hospital mortality was not affected by the type of 
intraoperative myocardial protection employed. 
Mortality was 3% (2/75) for the Group I patients 
and 1846 (2/11) for the Group II patients (p — 0.08) 
(Table 3). 

Three of the deaths resulted from myocardial failure 
and one from hemorrhage. All occurred intraopera- 
tively. None of the three patients with myocardial failure 
had cardiogenic shock preoperatively. Two of the 


four deaths occurred in the eight patients with acute 
dissection and both were in Group II. Multivariate 
analysis identified two factors associated with increased 
risk of operation: the preoperative augmented func- 
tional class and the duration of myocardial ischemia. 
Hypothermic ischemic arrest imposed an additional 
risk when compared to hypothermic cardioplegia 
(Table 4). Age of the patient, the type of operation, 
coronary bypass grafting, and aortic pathology were 
not found to be incremental risk factors, though the 
number of events for such an analysis was small. 

Morbidity . Reoperation for hemorrhage was required 
in 11 (13%) of the 82 hospital survivors (9/73 Group 
I and 2/9 Group II, p = 0.3). In the Group I patients 
the bleeding originated from the suture line in the 
aorta over the graft in one patient, from a saphenous 
vein graft in one patient, and from the mediastinal 
tissues in the remaining seven patients. In both of the 
Group II patients the bleeding originated from the 
suture lines. 

One patient required reoperation early postopera- 
tively for prosthetic valvular incompetence. This 
resulted from compression of the tube graft immediately 
above the valve by the aortic wall which had been 
closed tightly over the proximal portion of the graft. 
This compression impeded the function of a Bjork- 


TABLE 4. Multivariate Logistic Regression Analysis 
of Hospital Deaths 


Logistic 
Coefficient 
Variable +: SD" p Value 

Augmented NYHA function 

class 3.0 + 1.49 0.05 
Myocardial ischemic time (min) 0.09 + 0.040 0.03 
Additional effect of myocardial 

ischemic time in ischemic 

arrest group 0.04 + 0.020 0.07 


* Intercept: —23 + 9.9 (p = 0.02). 
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Shiley disc valve. At reoperation, a Dacron patch was 
sutured to the aortic wall to enlarge this area and the 
patient recovered uneventfully. None of the 73 GroupI 
patients surviving operation required reoperation for 
compression of the graft resulting from hematoma 
between the graft at the aortic wall. 

Thirteen patients (1696) received inotropic support 
for more than six hours postoperatively. The per- 
centages were similar for the three types of myocardial 
protection. Two of the 82 operative survivors received 
intra-aortic balloon pumping. Twenty-five patients 
(30%) required treatment of ventricular arrhythmias 
in the postoperative period. Six of these patients 
developed ventricular tachycardia and one had ven- 
tricular fibrillation. No patient developed permanent 
heart block, pulmonary insufficiency requiring pro- 
longed endotracheal intubation or tracheostomy, or 
renal insufficiency. Three patients had focal neuro- 
logic deficits which resolved. 

Postoperative aortic root angiograms were per- 
formed in 16 patients (15 Group I, 1 Group II). Pseudo- 
aneurysms were noted at one of the coronary ostia in 
four and at the distal anastomosis in one of the 15 Group 
I patients. One pseudoaneurysm occurred among 6 
patients with anuloaortic ectasia and four among nine 
patients with aortic dissection. Early reoperation 
- was not performed in any of these five patients. One 
underwent late reoperation. All are alive and without 
symptoms. The angiographic study of the single Group 
II patient was unremarkable. Stenosis of the left main 
coronary ostium was noted in one Group I patient. At 


the initial operation, the coronary ostia were not dis- 
placed far cephalad and the sinuses of Valsalva proximal 
to a large aneurysm of the ascending aorta were only 
minimally enlarged. A saphenous vein graft was inserted 
into the anterior descending coronary artery at a sub- 
sequent procedure. 


Late Results 


Mortality. There have been ten late deaths. Five 
patients died suddenly, presumably of arrhythmias. 
Four of these had been treated for ventricular ar- 
rhythmias early postoperatively, and one required 
insertion of a pacemaker for control of arrhythmias 
following a previous operation (aortic valve replace- 
ment). One died following cardioversion for atrial 
fibrillation. Autopsy of this patient showed an en- 
larged heart with biventricular hypertrophy (650 g). 
The composite conduit was functioning properly and 
both coronary ostia were widely patent. One of the 
remaining three patients dying suddenly had post- 
operative angiography demonstrating a normally func- 
tioning graft. One patient each died of prosthetic endo- 
carditis following reoperation, of congestive failure, 
of a cerebrovascular accident, of intracranial hemor- 
rhage and following blunt trauma. 

Multivariate analysis of sudden death yielded only 
one significant variable (p — 0.2): treated ventricular 
arrhythmias early postoperatively (hazard coefficient 
2.2 + 1.12, p = 0.05; representing a 9.4 times increased 
hazard over patients not experiencing such rhythm 
disturbances). 
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Actuarial survival of the 86 patients is shown in Fig. 
2. The survival rate was 87% at two years and 81% at 
three years. No deaths have occurred among the 11 
patients followed longer than 40 months. Survival of 
the 44 patients with primary operations for anulo- 
aortic ectasia is shown in Figure 3. Two and three 
year survival rates were 92 and 88% respectively. 
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Survival of the 31 patients with primary operations 
for acute or chronic dissection are shown in Figure 4. 
The two and three year survival rates were 83%. 
Reoperations. A total of five of the 82 hospital sur- 
vivors (6%) underwent reoperations on the ascending 
aorta for reasons other than postoperative hemor- 
rhage: two for prosthetic endocarditis, one and five 
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FiG. 5. Actuarial prob- 
ability of freedom from re- 
operation on the ascending 
aorta or aortic valve follow- 
ing composite graft replace- 
ment. 
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months postoperatively, one for acute compression 
of the graft by the aorta (see above), one for bypass 
grafting of a stenotic left main coronary artery three 
months postoperatively (see above), and one for repair 
of a pseudoaneurysm of a coronary ostial— graft 
anastomosis 36 months postoperatively. Of these five 
patients, all but one with endocarditis survived re- 
operation. The percentage of surviving patients free of 
reoperation and the percentage of patients free of re- 
operation related specifically to the composite graft 
(two patients with prosthetic endocarditis excluded) 
are shown in Figure 5. At three years, 90% of the 
patients were free of any reoperation and 93% were free 
of reoperation related to the composite graft. No re- 
operations have been required among the last 51 pa- 
tients. Four patients required operation for aneurysms 
of the descending thoracic or abdominal aorta 10—49 
months postoperatively. All survived operation. 

Thromboembolism. All but the four patients re- 
ceiving porcine heterografts received long-term antio- 
coagulation with warfarin. Seven of the 82 hospital 
survivors sustained probable cerebral emboli. Five of 
these resulted in permanent neurologic deficits, and 
one was fatal. One patient had a cerebral hemorrhage 
but is alive and free of neurologic deficit and remains 
“on warfarin. The actuarial percentage of patients free 
of thromboembolism was 90% at two years and 85% 
at three years. 

Symptomatic status of hospital survivors. At last 
follow-up of the 82 hospital survivors, ten were dead, 


39 (48%) were Class I, 22 survivors (27%) were Class 
II, three (4%) were Class III, one survivor (1%) was 
Class IV, and in seven survivors the status was 
unknown. 


Discussion 


In September 1974, we began an evaluation of the 
composite graft technique for replacement of the 
ascending aorta and aortic valve and reported our 
experience with the first 25 patients in 1977.' Since the 
initial operation, the technique has been used in 86 of 
97 patients requiring operation on the ascending aorta 
and aortic valve. The composite technique offered 
the potential advantage of excluding all abnormal 
aorta from the aortic anulus to the innominate artery, 
thus eliminating subsequent aneurysm formation of the 
sinuses of Valsalva, a complication that has been ob- 
served with the conventional supracoronary technique 
in patients with cystic medial degenerative changes of 
the aorta.'*!° Another potential advantage appeared to 
be the elimination of bleeding through the graft and 
suture lines when the aorta was wrapped around the 
graft before discontinuation of cardiopulmonary by- 
pass. Paraprosthetic leakage, a complication of the 
conventional technique!*!* should also be eliminated 
with a composite graft. 

Our results indicate that composite grafting can be 
performed with a hospital mortality rate similar to 
that reported in recent years with the conventional 
technique.!?!*^!? Mortality in our series was related im- 
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portantly to preoperative functional class and to pro- 
longed intraoperative myocardial ischemia, particularly 
when hypothermic ischemic arrest was employed. No 
death from hemorrhage occurred in the Group I pa- 
tients and one death in the Group II patients (overall 
incidence 1.2%). This incidence is comparable to that 
for the conventional technique which has ranged from 0 
to 3.3%, 15-17-19 

Reoperation for hemorrhage was required in 13% 
of our operative survivors. In only one of the 9 Group I 
patients was the bleeding related to one of the suture 
lines, whereas this was the source for bleeding in both 
Group II patients. Thus, although wrapping of the aorta 
around the graft has resulted in a low incidence of 
bleeding from suture lines, hemorrhage requiring 
reoperation has not been eliminated by this maneuver. 
The overall incidence of reoperation for hemorrhage 
also does not differ from that for the conventional 
technique. 517-19 

Reoperations for complications related to the com- 
posite prosthesis were required in five patients (692, 
70% confidence limits (CL) 3% to 10%). By actuarial 
analysis, 93% of hospital survivors were free of re- 
operations related specifically to the composite graft 
three years postoperatively. Liddicoat et al.'* reported 
reoperation on the aortic valve in one of 87 patients 
(1%, CL 0-4%) surviving operation for replacement 
of the ascending aorta with or without aortic valve 
replacement. McCready and Pluth'? reported reopera- 
tions on the ascending aorta or aortic valve in 10 of 54 
patients (18.5%, CL 13-26%) with the conventional 
technique who were followed a mean of 72 months. 
Recently, Miller et al.'* reported three late reopera- 
tions for problems related to the aortic prosthesis 
or aortic root in 78 hospital survivors (4%, CL 2—8%) 
using the conventional technique. Their actuarial 
analysis of late reoperation included patients with 
operations on the thoracic and abdominal aorta as well 
and comparison with our data is not possible. 

Although pseudoaneurysms at the coronary ostia and 
distal aortic suture line were observed in five of our 
16 patients having postoperative angiography, we did 
not perform routine reoperation to correct these ab- 
normalities. Only one patient required reoperation 
36 months postoperatively because of recent onset of 
chest pain which was felt to be related to the pseudo- 
aneurysm. No evidence for enlargement of the aorta 
on the chest roentgenogram was present. The other 
four patients are free of symptoms. Four of the five 
pseudoaneurysms occurred among patients with acute 
or chronic dissection and three of these occurred at 
the coronary ostia. With increasing experience, we 
would now employ saphenous vein grafts if we were 
uncertain about the integrity of the coronary ostial— 
graft anastomosis. 
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In comparing the composite with the conventional 
technique, a major issue is the incidence of aneurysm 
formation of the sinsuses of Valsalva severe enough 
to produce complications and require surgical cor- 
rection, when they are not excised or excluded at the 
primary operation. McCready and Pluth noted the 
development of aneurysms of the sinuses of Valsalva 
requiring reoperation in five of 31 patients who survived 
aortic valve replacement and supracoronary grafting. 
Cystic medial degenerative changes in the aorta were 
present in all five patients. This was a late complication, 
with reoperation being performed from 74 to 108 months 
postoperatively. In our series, eight patients developed 
aneurysms of the sinuses of Valsalva following previous 
graft replacement of the ascending aorta for aortic 
dissection or anuloaortic ectasia by the conventional 
technique, and required reoperation 30—95 months 
postoperatively. Other groups have also reported this 
late complication.'*'* Miller et al.'7 using the con- 
ventional technique but with excision of all the ascend- 
ing aorta except for tongues of aortic wall surrounding 
the coronary ostia as described by Wheat,'* reported 
no recurrent aneurysms of the aortic root. However, 
the number of patients undergoing postoperative 
angiography was not stated. Three of their patients 
required reimplantation or grafting of the right or left 
coronary artery because of anuloaortic ectasia. We 
believe that the development of aneurysms of the 
sinuses of Valsalva will occur in patients with cystic 
medial degenerative changes if the sinuses are not 
excluded or excised at the initial operation, and that 
the composite graft technique will eliminate the oc- 
currence of this complication. 

We conclude that composite graft replacement of the 
ascending aorta and aortic valve is a satisfactory 
alternative to supracoronary graft replacement and 
aortic valve replacement. Hospital and late mortality 
rates are comparable to or lower than those reported 
with the conventional technique. The incidence of 
major postoperative and late prosthetic-related com- 
plications is similar with the two techniques. 

We believe composite graft replacement is the 
method of choice for patients with anuloaortic ectasia 
when there is cephalad displacement of the coronary 
ostia. It appears suitable for many patients with acute 
or chronic dissections of the ascending aorta, par- 
ticularly when there is coexisting anuloaortic ectasia. 
When the dissection involves a coronary ostium, direct 
anastomosis of the ostium to the graft or to a saphenous 
vein, or vein bypass grafting should reduce the incidence 
of coronary ostial-graft pseudoaneurysms. The tech- 
nique has also been satisfactory for repair of sinus 
of Valsalva aneurysms associated with aortic valve 
incompetence following graft replacement of the 
ascending aorta for acute or chronic dissection. 
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DISCUSSION 


DR. JoHN A. WALDHAUSEN (Hershey, Pennsylvania): My col- 
leagues and I also have used this technique successfully. However, 
I would like to report about one patient in whom we inserted a com- 
posite graft. It was a young man with Marfan's disease. Dr. Grant 
Parr, my associate, used a Shiley-supplied composite graft. 

The patient did well for about one year, when he suddenly had a 
massive stroke and died. At autopsy, the entire pseudointima of the 
graft had loosened. We believe this is a serious problem. It is related 
to the fact that the graft was low-porosity. We believe this is worse in 
this situation, because this low-porosity graft is being wrapped with 
the aorta, making it more difficult for ingrowth into the graft. 

Has Dr. Kouchoukos had any problems with this graft. Indeed, 
what graft does he use? Is it low porosity or standard porosity? 


DR. HASSAN NAJAFI (Chicago, Illinois); One aspect of the authors’ 
presentation is somewhat in contrast with my experience at Pres- 
byterian-St. Luke's Hospital in Chicago, and I wish to bring that to 
your attention. 

I just answered an invitation to submit a manuscript on this sub- 
ject for publication. The availability of the data and the point of 
departure in the abstract stimulated me to prepare two slides to 
present to you this morning. ` 

(slide) We have operated on 74 patients with aneurysm or dis- 
section or both of the ascending aorta, associated with, or commonly 
causing, aortic regurgitation in the past ten years. Most of these 
patients had an aneurysm. Although a variety of operative procedures 
have been employed for correction of these lesions, composite 
grafting, as beautifully demonstrated by Dr. Kouchoukos, has been 
the most popular operation in recent years. I was equally gratified 
to note that among 19 patients in whom this technique was used 
there was no hospital mortality. I believe that the new method of 
myocardial preservation, particularly with the use of a potassium 
cardioplegic solution, has improved our operative results in this 
particular area. 
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The difference in our experience relates to the second group of 
patients with aortic dissection, and particularly those with acute 
dissection. (slide) As you note, of 19 patients with acute dissection 
of the aorta, in only two was the aortic valve replaced. In the 
remaining 17 patients valve competence was restored, either by 
resection and replacement of a segment of the ascending aorta or, in 
eight patients, by primary repair without prosthetic materials. 

Only one patient returned with a recurrent aneurysm and regurgi- 
tation some eight years after the first operation and had a successful 
second procedure. 

There have been three late deaths in this group, none related 
to the operative technique chosen. I do not believe we have used 
composite grafting in acute dissection, and I feel strongly that it 
should only be used under exceptional circumstances. 


DR. HENRY T. BAHNSON (Pittsburgh, Pennsylvania): The special 
problems associated with aneurysm of the ascending aorta have to do 
with myocaridal protection that is necessary during the necessarily 
long period when the heart must be deprived of its normal blood 
supply, with bleeding from the multiple and, later, largely in- 
accessible lines of suture to abnormal tissue. 

Cold cardioplegia seems to be the answer to myocardial pro- 
tection, and Dr. Kouchoukos group has shown that sewing 
together the trimmed aneurysm back over the prosthesis is one 
good answer to the hemorrhage. 

Probably even more meticulous anastomoses are still required with 
this technique, because there have been a number of reported in- 
stances in which hematoma formed underneath the reconstructed 
wall, leading to further trouble. Probably the sewing of the coronary 
arteries to the prosthesis without separating them as a movable 
transplanted button has something to do with the lack of obstruction 
to the coronary arteries, the anastomoses, I think, are a little 
harder to do under these circumstances. 

At the beginning of this study in 1974, the Birmingham group 
set out to evaluate this technique of composite replacement of the 
aortic valve and ascending aorta, and their report now is in con- 
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trast to the somewhat similar experience, recently reported from 
Stanford by Drs. Miller and Shumway and their associates, of a 
similar technique, except that the latter group replaced the aorta 
and the valve separately. They did not rewrap it. They had good 
results with little difficulty from the later appearance, or recurrence, 
of aneurysms of the sinuses. 

Watching these two groups, the Birmingham group to abolish 
the sinuses of Valsalva, and the Stanford group to preserve at least 
a piece of it, is sort of like watching the Steelers and the Cowboys 
battle it out. We would selectively use a little bit of both techniques, 
although I am hesitant to argue against results that are as excellent 
as these. I believe there are many patients in whom one can recon- 
struct the valve, just as Dr. Najafi has said. 

There are a number of instances in which the aortic regurgitation 
seems to be caused by association with an adjacent aneurysm and 
dilation, and if one restores this to the size of the prosthesis, a 
lot of aortic regurgitation can be relieved. 

Although in our earlier experience, I believe we over used this 
technique in order to avoid the other disease of a prosthetic valve, 
valve replacement is now a much less serious matter. I believe in the 
long run our results will be better if we do, as Dr. Najafi has stated, 
attempt in some instances to restore the aortic competence by re- 
construction of the patient's own tissue. I note that 9% of the sur- 
viving patients reported by Dr. Kouchoukos, or seven of these 82 
survivors, suffered cerebral emboli, five of them with a residual 
deficit. I had presumed that these emboli came from the prosthetic 
valve. Dr. Waldhausen's comments make me wonder about that. 

I want to ask Dr. Kouchoukos and, in a way, plead— now that 
they have evaluated this technique, is there not some place for 
reconstructing the patient's own valve? 


DR. NICHOLAS T. KoucHoukos (Closing discussion): My col- 
leagues and I share Dr. Waldhausen's concern about the potential 
for embolization of the pseudointima from the surface of the low- 
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porosity grafts, although we have not encountered this particular 
complication. However, we used only a small number of these grafts 
because of the additional problem of suturing the stiff cloth to the 
often friable and thin aorta. We prefer the standard woven grafts. 

Dr. Najafiemphasized the role of myocardial protection in reducing 
the mortality for these procedures. We used three different methods 
of myocardial protection during the study interval: direct coronary 
perfusion, hypothermic ischemic arrest, and hypothermic cardi- 
oplegia. We found no differences in hospital mortality with these 
three techniques. The main determinants of hospital mortality were 
the preoperative functional classification of patients and the duration 
of myocardial ischemia. The hypothermic cardioplegic technique 
has allowed longer safe ischemic intervals, permitting more accurate 
anastomoses, and this appears to be its greatest advantage. 

We agree with Drs. Bahnson and Najafi that the aortic valve 
should be preserved whenever possible. However, we were dis- 
tressed to see the return of seven patients with acute dissections 
who had graft replacement and repair of the valve a mean of 64 
months after the initial operation. A similar experience was re- 
ported by Drs. Pluth and McCready from the Mayo Clinic, em- 
phasizing that recurrence of these aneurysms is a late complication. 
With additional follow-up study we may see more of these recurrent 
aneurysms. With acute dissection in the absence of cystic medial 
necrosis, we agree that the aortic valve should be preserved 
whenever possible. 

I particularly appreciate Dr. Bahnson's remarks since he was 
among the first to successfully repair an ascending aortic aneurysm, 
and since he has been an advocate of repair, rather than replacement 
of the aortic valve. 

As a final point, I believe that the incidence of false aneurysms 
at the coronary ostial-graft anastomosis, which has been a concern 
of all groups who have been using this procedure, should be ex- 
tremely low if, when one encounters friable or dissected aorta around 
the coronary ostia, an interposition or saphenous vein bypass graft 
is used, rather than a direct anastomosis. 
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Recent advances in the operative management of aortic 
aneurysms have resulted in a decreased rate of morbidity 
and mortality. In 1972, we hypothesized that a further re- 
duction in operative mortality might be obtained with con- 
trolled perioperative fluid management based on data provided 
by the thermistor-tipped pulmonary artery balloon catheter. 
From 1972 to 1979 a flow directed pulmonary artery catheter 
was inserted in each of 110 consecutive patients prior to 
elective or urgent repair of nonruptured infrarenal aortic 
aneurysms. The slope of the left ventricular performance 
curve was determined preoperatively by incremental infusions 
of salt-poor albumin and Ringer's lactate solution. With 
each increase in the pulmonary arterial wedge pressure 
(PAWP), the cardiac index (CI) was measured. The PAWP 
was then maintained intra- and postoperatively at levels 
providing optimal left ventricular performance for the in- 
dividual patient. There were no 30-day operative deaths 
among the patients in this series and only one in-hospital 
mortality (0.9%), four months following surgery. The five- 
year cumulative survival rate for patients in the present 
series was 84%, a rate which does not differ significantly 
from that expected for a normal age-corrected population. 
Since the patient population was unselected and there were 
no substantial alterations in operative technique during the 
present period, these improved results support the hypothesis 
that operative mortality attending the elective or urgent 
repair of abdominal aortic aneurysm can be minimized by 
maintenance of optimal cardiac performance with careful 
attention to fluid therapy during the perioperative period. 


LTHOUGH THE HAZARDS associated with repair 
A of intact abdominal aortic aneurysms have 
diminished during the past decade, most recent reports 
document a persistent operative mortality of 3-9%.'~‘ 
The residual mortality, despite recent improvements 
in operative technique and subsequent management, 
is in large part attributable to a high incidence of myo- 
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cardial infarction associated with expanding criteria 
for operability in patients with multiple risk factors. 
In 1972 we hypothesized that a further reduction in 
operative mortality could be achieved with the aggres- 
sive maintenance of optimal cardiac performance 
throughout the perioperative period. For this reason,, 
thermistor-tipped pulmonary artery balloon catheters 
were inserted prior to urgent or elective repair of 
intact infrarenal abdominal aortic aneurysms. Indi- 
vidual left ventricular performance curves were then 
determined and formed the basis for subsequent fluid 
management. This study reports our results with 110 
consecutive operations carried out for repair of ab- 
dominal aortic aneurysms in patients aggressively 
monitored with arterial and Swan-Ganz catheters. 


Methods 
Preoperative Evaluation 


From 1972 to 1979 110 consecutive patients with a 
median age of 68 years (range: 42-94) underwent 
elective or urgent repair of intact infrarenal abdominal 
aortic aneurysms. These procedures were all per- 
formed by two of the authors (ADW and JAM) using 
a standardized operative technique. Of 91 men and 19 
women, 76 were asymptomatic, 32 complained of ab- 
dominal or back pain and 2 had sustained multiple 
emboli to their lower extremities. With a single excep- 
tion all patients with aneurysms greater than 5 cm in 
diameter were offered and subsequently accepted 
surgical repair. Aneurysm size ranged from 5-6 cm 
in 26 patients and exceeded 6 cm in 84 patients. The 


0003-4932/80/0900/0414 $00.90 © J. B. Lippincott Company 


414 


Vol. 192 e No. 3 


patient population was characterized by the usual range 
of associated diseases (Table 1); in particular, a sub- 
stantial number of the patients (44%) were admitted 
with clinically evident manifestations of coronary 
artery disease. 

The diagnosis of abdominal aortic aneurysm was 
usually made on physical examination by the presence 
of a pulsatile epigastric mass, and the actual size of 
smaller aneurysms was confirmed by plain film and 
ultrasonography. Preoperative aortography was ob- 
tained in all patients to provide critical information 
concerning the precise origin of the aneurysm and the 
status of visceral vasculature including anomalous 
renal arteries. In those patients with concomitant 
peripheral vascular occlusive disease, additional 
studies of the femoropopliteal system were also rou- 
tinely obtained. 


Perioperative Management 


On the evening prior to surgery, all patients were 
transferred to an intensive care unit where pulmonary 
and radial artery catheters were inserted according to 
standard techniques. As described in a previous report, 
mean pulmonary arterial wedge pressure (PAWP) 
was elevated 8—10 mmHg above baseline levels to 
approximately 12-14 mmHg by the infusion of salt- 
poor albumin and lactated Ringer's solution." At each 
incremental elevation of PAWP cardiac index was 
determined in triplicate by thermodilution. The slope 
of the Starling type myocardial performance curve was 
then derived by plotting cardiac index versus PAWP. 
As illustrated in Figure 1, the slope showed consider- 
able patient variation to the extent that peak cardiac 
index occurred in some at PAWP lower than 12-14 
mmHg. Further increases of PAWP in these indi- 
viduals resulted in diminished cardiac performance. An 
appropriate PAWP was then selected at which cardiac 
performance would be maximal and every effort was 
made to maintain the wedge pressure at this prede- 
termined level both intra- and postoperatively (Fig. 2). 
Each patient received prophylactic antibiotics con- 


TABLE 1. Associated Risk Factors in 110 Patients Operated 
on for Abdominal Aortic Aneurysm 


No. 

Risk Factor Patients Per Cent 
Coronary artery disease 49 44 
Hypertension 26 24 
Peripheral vascular disease 13 12 
Cerebrovascular disease 9 8 
Chronic pulmonary disease 8 7 
Diabetes 7 6 
Chronic renal disease 5 5 
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PATIENT A 


ed 


PATIENT B 


C!(L/min:m*) 


PATIENT C 


2 4 6 8 10 l2 14 I6 
PAWP (mm Hg) 


Fic. ]. Three types of preoperative myocardial performance 
curves are illustrated. During volume infusion, patient A increases 
cardiac output with each increment in PAWP. In contrast, patient 
B has a peak in cardiac output such that with further increases 
in PAWP flow decreases; patient C demonstrates a steady decline 
in cardiac performance. Volume therapy is designed to raise the 
PAWP to the point at which cardiac output peaks, or if this does 
not occur, to a maximum of 12-14 mmHg with cardiac index of 
more than 2.5. 


sisting of a preoperative 2 g dose of cephalothin fol- 
lowed by 1 g in the recovery room. In addition to the 
usual physiologic parameters followed during the . 
immediate postoperative period, cardiac output and 
PAWP were carefully monitored to maintain adequate 
fluid balance and left ventricular performance. On the 
second or third postoperative day, peripheral and 
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INDUCTION CLAMP DECLAMP CLOSURE 


pulmonary arterial lines were removed and the patient 
transferred to a stepdown unit. 


Operative Technique 


Repair of the aneurysm was then carried out using 
the graft inclusion technique originally described by 
Javid? and Creech.'? Through a long midline incision 
the small bowel was eviscerated, the retroperitoneum 
incised and the duodenum sharply dissected from the 
aneurysm. Limited dissection was considered essential 
to minimizing both intraoperative blood loss and post- 
operative third space sequestration. Only the anterior 
and lateral aspects of the neck of the aneurysm and 
iliac arteries were therefore exposed, no attempt was 
made to control these vessels circumferentially. Fol- 
lowing systemic administration of heparin (5000 units), 
vascular clamps were applied in a vertical manner and 
the aneurysm opened, laminar clot evacuated, and the 
orifices of the inferior mesenteric and lumbar vessels 
suture ligated from within the sac. A woven or knitted 
Dacron® tube or bifurcation graft of appropriate diam- 
eter was then sutured end-to-end to the inside of the 
proximal aorta at the neck of the aneurysm using con- 
tinuous 3-0 prolene suture. Since the aneurysm sac was 
left intact, a double thickness of aortic wall was in- 
cluded in each bite of suture. For tube grafts, a similar 
anastomosis was carried out distally; otherwise, the 
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Fic. 2. The intraopera- 
tive hemodynamic per- 
formance of 10 patients 
not volume loaded is com- 
pared with that of 23 
volume loaded patients 
from the present series. 
Cardiac index (CI), mean 
arterial pressure (MAP), 
pulmonary artery wedge 
pressure (PAWP) and 
pulse were measured 
during induction of anes- 
thesia, 30 minutes fol- 
lowing aortic cross-clamp- 
ing, five minutes after de- 
clamping and during 
closure of the abdominal 
incision. Vertical bars 
indicate the standard error 
of the mean. In contrast to 
patients not volume loaded 
preoperatively, the volume 
loaded group demonstrated 
improved cardiac per- 
formance as evidenced by 
the increased CI, stable 
MAP and diminished 
PAWP following declamp- 
ing. This improvement was 
Observed in the absence of 
pharmacologic manipula- 
tion. 
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iliac orifices were oversewn and the limbs of a bifurca- 
tion graft anastomosed to the iliac or femoral arteries. 
A deliberate effort was made to separate the duodenum 
from the entire graft with initial closure of the aneurysm 
wall around the prosthesis followed by approximation 
of the left leaf of posterior parietal peritoneum to the 
periaortic tissue adjacent to the venacava. For aneu- 
rysms that originated just at the level of the renal 
arteries, the aorta was clamped at the diaphragm and 
retrograde visceral arterial bleeding subsequently con- 
trolled with a Fogarty intra-aortic balloon inserted 
through the initial opening in the aneurysm sac. Upon 
completion of the proximal anastomosis as described 
above, the balloon catheter was removed and the 
aortic clamp reapplied to the graft. We have not en- 
countered postoperative renal failure resulting from 
this maneuver. Distal pulses were evaluated during 
closure of the abdominal incision; if diminished flow 
was evident the appropriate femoral artery was ex- 
posed and a 4-French Fogarty embolectomy catheter 
passed in an effort to recover embolized fragments of 
aneurysm wall. 


Postoperative Follow-up 


Of the 110 patients in this series, follow-up informa- 
tion was available for 106. Each of the 97 patients 
surviving was contacted directly by telephone or had 
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been seen as an out-patient within three months of 
this writing. Cumulative five-year survival data was 
determined using life-table methodology as described 
by Cutler.!! 


Results 


At the time of aortic aneurysm repair, a variety of 
simultaneous procedures were carried out in 20 patients 
(19%) as indicated in Table 2. Two such patients pre- 
sented with symptomatic aneurysms and severe cardiac 
disease. During the same anesthetic prior to aneurysm 
repair, one required coronary artery bypass for cre- 
scendo angina and the other valve replacement for 
critical aortic stenosis. Nephrectomy was indicated in 
four patients with renin-mediated hypertension associ- 
ated with contracted atrophic kidneys. One renal 
artery was revascularized for symptomatic stenosis 
and 2 anomalous renal vessels were reimplanted. One 
patient with asymptomatic celiac and superior mesen- 
teric artery occlusion associated with an ectatic supra- 
renal aorta required reimplantation of the enlarged, 
meandering inferior mesenteric artery. An inferior 
vena caval clip was placed in a patient with antecedent 
multiple pulmonary emboli and eight patients re- 
quired femoral embolectomy. Splenectomy was carried 
out for a laceration sustained during aortic clamping 
at the diaphragm, and the resection of what proved 
to be pheochromocytoma was fortunately uneventful. 
The early complications occurring during the 30-day 
postoperative period are listed in Table 3. Of the three 
patients with postoperative renal failure, two patients 
developed reversible mild high output renal failure, 
and a third patient an obstructed ureter which was 
relieved by the insertion of a temporary indwelling 
ureteral catheter. Only three patients sustained myo- 
cardial infarctions, one of which contributed sub- 


TABLE 2. Secondary Procedures During Repair of 
Abdominal Aortic Aneurysm 


Number 
Procedure of Patients 

Cardiac 

coronary artery bypass l 

aortic valve replacement l 
Renal 

nephrectomy 4 

renal artery reconstruction 3 
Other vascular 

femoral embolectomy 8 

reimplantation of IMA 

IVC clip 


Miscellaneous 
splenectomy 
resection of pheochromocytoma 


Total 


| 


N 
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TABLE 3. Early Postoperative Complications 
Number 
Complications of Patients 

Cardiovascular 7 
myocardial infarction 3 
arrhythmia 2 
peripheral emboli 2 

Renal 3 
acute renal failure 3 
chronic renal failure 0 

Pulmonary 7 
pneumonia 5 
pulmonary embolus 0 
prolonged ventilation (748 hr) 2 

Gastrointestinal 5 
small bowel obstruction l 
protracted ileus 2 
pancreatitis l 
diverticulitis l 

Miscellaneous 4 
urinary sepsis l 
re-exploration for hemorrhage 3 

Deaths l 


stantially to the single in-hospital mortality in this 
series. Five patients developed pneumonia, two of 
whom required prolonged ventilatory support. 

There were no 30-day postoperative deaths among 
110 patients in this series. The single in-hospital mor- 
tality occurred in a patient with angina decubitus who 
required repair of his painful, expanding aneurysm. 
During the evening of surgery, he sustained a massive 
myocardial infarct, required prolonged ventilatory 
support, and ultimately died from pneumonia four 
months following surgery. 

Two patients died during the first six months fol- 
lowing operation secondary to problems directly 
related to surgery. The first patient developed a drug- 
induced pancytopenia three weeks following unevent- 
ful aneurysm repair and subsequently formed a peri- 
rectal abscess with Klebsiella. Two weeks after ex- 
ploration was required for perforated diverticulitis 
at which time the aortic graft was found incorporated 
within an abscess cavity proven again to contain 
Klebsiella. Despite resection of the prosthesis and 
revascularization with an axillobifemoral graft, subse- 
quent disruption of the aortic closure led to the pa- 
tient's death. A second patient developed an anasto- 
motic suture line disruption and ultimately died with 
rupture of the associated false aneurysm. The re- 
maining six deaths are listed in Table 4 of which only 
one was due to myocardial infarction. 

Recent follow-up information was available for 96% 
of the 110 patients comprising this series; four have 
been lost to follow-up and a total of nine patients 
have died. Survival data subjected to life-table analysis 
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TABLE 4. Late Postoperative Deaths 


Number 
Cause of Patients 
Myocardial infarction 
Pneumonia 
Cirrhosis 
Metastatic carcinoma 
Graft infection 
Rupture of anastomotic aneurysm 
Undetermined 


Total 


(Table 5) yielded a five-year cumulative survival rate 
of 84%. If the assumption is made that the four patients 
lost to follow-up are, in fact, dead, the cumulative 
survival rate becomes 80%, a statistically insignificant 
difference (p — 0.387). As illustrated in Figure 3, the 
postoperative survival curve so constructed did not 
significantly differ (p — 0.157) from that expected for an 
age and sex adjusted nonsurgical population as derived 
from HEW life-table statistics.'? 


Discussion 


Since the first resection of an abdominal aortic 
aneurysm more than a quarter of a century ago, the 
mortality rate has steadily declined. The 4-9% opera- 
tive mortality reported in the early 1970's!'-?? repre- 
sented a substantial reduction from the 9-18% rate 
prevalent during the prior decade.'*~'® During the past 
five years, however, a further decline in 30-day opera- 
tive mortality (0—696) has become apparent (Table 
6). 717)* The lack of operative mortality in the present 
series and the single in-hospital death, while not 
unique to this report, serve to underscore a trend 
which appears independent of patient selection. Al- 
though the majority of patients in this series had large 
(6 cm) aneurysms, no patient with an aneurysm greater 
than 5 cm was denied surgery. The age range included 
seven patients beyond 80 years of age, and the inci- 
dence of antecedent coronary artery disease paralleled 
that of other recent reports.?^ 

The observed reduction in mortality undoubtedly 


TABLE 5. Cumulative Five-year Survival Following Repair 
of Abdominal Aortic Aneurysm 








Cumulative 
Patients No. Fraction 

Postop Entering No. No. With- Surviving 
Interval Interval Deaths Lost drawn Interval +SEM 
6 mo 110 4 l 12 .96 +0.02 
l yr 93 0 2 14 .96 +0.02 
2 yr 77 3 0 18 .92 +0.03 
3 yt 56 0 0 12 .92 +0.03 
4 yr 44 0 l 11 .92 +0.03 
5 yr 32 2 0 18 .84 +0.06 
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FiG. 3. Five-year cumulative survival curve for 110 consecutive 
patients operated on for infrarenal abdominal aortic aneurysms as 
compared to a similar curve for nonsurgical, age and sex adjusted 


population derived from HEW life table statistics.'? The observed 
difference was not statistically significant (p — 0.157). 


reflects the influence of many factors. The increasingly 
sophisticated fluid management of patients with mar- 
ginal cardiac compensation may emerge as one of the 
most important of these factors. Repair of an abdominal 
aortic aneurysm requires adequate cardiac reserves 
during several phases of the perioperative period. 
Significant myocardial dysfunction may be induced by 
inappropriate volume therapy? (Fig. 1), anesthesia, !?:20 
increased ‘‘afterload’’ during aortic crossclamping,?! 
hypotension with aortic declamping,*??-?* multiple 
blood transfusions,???5 and rapid fluid shifts attending 
operative blood loss and fluid sequestration with sub- 
sequent mobilization in the early postoperative pe- 
riod.” ?* The maintenance of improved cardiac per- 
formance with closely monitored fluid management 
may enable the myocardium to better tolerate these 
stresses. The causal relationship of our close attention 
to volume therapy and the reduced operative mortality 
must, however, remain speculative. Careful fluid 
management results in high cardiac outputs and the 
maintenance of arterial perfusion pressure. It is likely 


TABLE 6. Operative Mortality for Repair of Intact 
Abdominal Aortic Aneurysms 





Number Operative 
Year Authors of Patients Mortality 
————————ÁÁÉEÉEMCN AA 
1975 Hicks, et al.? 113 4.2% 
1975 Thompson, et al.* 108 5.5% 
1976 Volpetti, et al.'® 254 0.8% 
1977 Young, et al.? 123 5.7% 
1977 Scobie, et al.? 137 4.0% 
1978 Baird, et al.’ 160 5.6% 
1978 Gordon-Smith, et al." 51 0% 
1979 Crawford, et al.” 329 3.0% 
1980 Present series 110 0% 
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that the latter effect is important in assuring adequate 
coronary blood flow, thereby protecting the heart with 
significant coronary occlusive disease. This may be 
one explanation of the low incidence of lethal myo- 
cardial infarctions reported in this series. 

In addition to careful fluid therapy, other measures 
were taken to improve cardiac performance. These 
include the use of inotropic support and careful regu- 
lation of pH and serum potassium, insertion of pacing 
wires, as well as more complex preliminary cardiac 
surgery. Our experience with the patient suffering from 
severe angina and impending rupture of his abdominal 
aneurysm indicated to us that these patients and others 
with similar limiting disease of the cardiovascular 
system would require combined cardiac and aortic 
surgery if significant salvage were to be achieved. 
Our subsequent experience with two patients proved 
that combined procedures can, indeed, be performed 
with good results. 

The increased arterial pressure often seen with 
aortic clamping was initially treated with nitroprusside. 
Monitoring of CI and PAWP indicated that this was 
seldom necessary and indeed might be hazardous.?? 
Declamping hypotension was minimized by preopera- 
tive volume loading and accurate intraoperative fluid 
replacement." Total transfusion requirements were 
3-4 units, while 3.5—4 L balanced salt solution were 
infused on the operative day. Volume loss was mini- 
mized by the limited dissection required for clamping 
without circumferential control and the graft inclusion 
technique. 

In 1950, Estes’ study of the natural history of ab- 
dominal aortic aneurysm reported a 1946 five-year 
survival, a figure independently confirmed in 1966 
and again in 1972 by Szilagyi who found a 1746 five- 
year survival in patients treated nonsurgically.!^*?! 
These important studies form the basis for recom- 
mending repair of infrarenal abdominal aortic aneu- 
rysms since the cumulative survival five years fol- 
lowing such repair has ranged from 50 to 6592.!:3.15.16 
The 84% five-year survival rate reported in this series 
represents a substantial improvement in overall prog- 
nosis. Although the explanation remains unclear, for 
octogenarians and patients with small aneurysms to 
be considered operative candidates, such an improve- 
ment is critical. Since the life expectancy of an octo- 
genarian normally exceeds five years,'” and since the 
risk of rupture of small aneurysms approximates 
2506,79! a minimal operative mortality and normal 
postoperative survival rate support the extension of 
operative criteria to include these two subgroups. 
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DISCUSSION 


DR. Warrs R. WEBB (New Orleans, Louisiana): This paper 
emphasizes a most important concept to us in the management of 
our patients. The wisdom of the body, or at least its responses, 
has not always been adequate. We have had a million or so years to 
learn to physiologically adjust to the various stresses and strains and 
trauma of our external environment. We have had scarcely more than 
a generation to learn to adjust to modern surgery, and particularly 
to modern pharmaceuticals to which it is subjected. 

My only difference, I think, would be in emphasizing that any 
given patient in their own cardiac performance is not represented 
by a single Starling curve, but by a whole family of Starling curves, 
depending on the various anesthetic depression that may occur, 
depending on the various sympathomimetic stimulation that may 
occur. So we have been more interested in modifying the con- 
tractility of the heart and the afterload than we have in the preload. 

Certainly one cannot emphasize too much the importance of main- 
taining adequate volume, so that there will be an adequate preload 
available. However, we do prefer to maintain an adequate cardiac 
output, thereby assuring adequate peripheral perfusion at the same 
time we are minimizing the work that the heart has to do. 

This usually means, particularly when one is going to massively 
increase the afterload and peripheral resistance by cross-clamping 
the abdominal aorta, that we reduce the peripheral resistance. We 
do this for the most part with nitroprusside, our preference being 
nitroprusside, because it works more directly on the peripheral 
arterioles. Nitroglycerin also works there, but more effectively on 
the venules and the postarteriolar bed as well. 

Then if we need contractility increased, we would use dopamine 
or dobutamine. 

This likewise reduces tremendously the pulmonary wedge pressure, 
because about 60% of the pulmonary resistance is caused by the 
left atrial resistance; so if one can reduce the left atrial pressure, one 
can thereby protect the lungs as well. 

I agree that the morbidity is commendably low and certainly they 
have had beautiful results. I believe these results can be attributed 
to multiple factors. I know, in our own hands, virtually all of our 
aneurysmal patients would be screened at this time for coronary 
disease, and a number of them will have their coronary vessels 
taken care of beforehand. 

I think it is important, as the authors have emphasized, that we 
achieve the goal of adequate perfusion at a minimum work load of 
the heart. I would differ only in paying more attention to the after- 
load and contractility than we would to the preload. 


DR. Louis R. M. DeL GUERCIO (Valhalla, New York): I would 
like to make two comments. The first is that it is not only the patient 
undergoing a cardiac operation or having major aneurysms resected 
who will benefit from this approach. (slide) The national statistics 
are based on the material from the Michigan Commission on Profes- 
sional and Hospital Activities studies. This is a review of 40% of 
all the hospital discharges from the United States during the period 
from 1974 to 1975, a very large statistical sampling. Some 23 million 
patients in the United States are older than the age of 65 years, 
“amounting to about 10% of the population, but they accounted for 
17.5% of all operations. 

The absolute mortality for all of those patients older than 65 
years of age undergoing operations was 4.88%, far in excess of the 
average mortality in reported series of major operations. When the 
patients had more than one preoperative diagnosis such as gastric 
ulcer plus diabetes, or something else, then the mortality was much 
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higher, regardless of what operation was performed. This review 
included hernias, cataracts, hemorrhoids, everything. 

Specifically, certain types of operations carried much higher 
mortalities: subtotal gastrectomy, 12.5%; pulmonary resections, 
over 10%; cholecystectomy, 3.4% and so on. 

The cost-benefit analysis of Dr. Whittemore’s approach of pre- 
operatively putting in the Swan-Ganz catheter, and being fore- 
warned about potential problems, means that if the average cost of a 
postoperative death, as shown by David Cullen at Massachusetts 
General Hospital a few years ago, is $25,000, avoidance of just 
one death through preoperative assessment pays for all of the 
Swan-Ganz catheters used and for their insertion. 

The second point I would like to make (slide) is that if you go to 
the trouble to put in the Swan-Ganz catheter you should get the 
maximum amount of information from the procedure. From the pul- 
monary wedge pressure, cardiac output and mean arterial blood pres- 
sure we plot the Sarnoff curve, which takes all of the four determinants 
of cardiac output into account, that is, preload, afterload, contractility 
and pulse rate. 

In addition, once the catheter is in the pulmonary artery, and the 
balloon is deflated, a mixed venous blood sample should be obtained. 
Then the circulation has been bracketed, and one can calculate, 
using a minicomputer or a hand-held calculator, a complete profile 
of cardiac dynamics for the right and left sides of the heart, pul- 
monary function and oxygen transport stress. 

Whenever you see that there is inadequate oxygen transport 
because of a low mixed venous oxygen saturation, the patient 
preoperatively is already using up a portion of his mixed venous 
oxygen reserve. For that patient a small decline in cardiac output 
is serious. 

I believe one should get the maximum advantage from the Swan- 
Ganz catheter, including oxygen transport and utilization, as well as 
ventricular function studies, and then use these to optimize the 
physiologic status of the patient preoperatively. 

My associates and I insert Swan-Ganz catheters in all patients 
older than the age of 65 years undergoing major noncardiac thoracic 
or abdominal operations. 


Dr. DENNIS B. Dove (New York, New York): I wish to share with 
you an experience of ours which we think is complementary to some 
of the data that Dr. Whittemore just presented. 

At New York Medical College, Metropolitan Hospital Center, 
under the leadership of Dr. Del Guercio, we have been inserting 
Swan-Ganz catheters, as has been previously described, in all pre- 
operative patients who are scheduled for elective operations that 
we consider to be high risk. Advanced age is decidedly considered 
to a high risk factor in our patients. 

Our vascular service reviewed 75 consecutive patients who were 
scheduled for major vascular operations. Data derived from the 
Swan-Ganz catheterization indicated that 50 of these 75 patients had 
abnormalities in their left ventricular function. 

(slide) The curve, as just described by Dr. Del Guercio, shows a 
plot of left ventricular stroke work against the preload, here repre- 
sented as the pulmonary artery wedge pressure. Twenty-five of 
the 50 patients who showed some abnormality in left ventricular 
function are shown here, on this portion of the curve, representing 
decreased left ventricular stroke work on the basis of low pre- 
loads. All of these patients could be optimized, as shown by the 
darker dots here, on to the Sarnoff curve, so that their ventricular 
work was now optimized merely by increasing their preload. 

Unlike Dr. Whittemore and his group, we prefer to use blood 
as our volume replacement, followed by crystalloids. 
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(slide) The remaining 25 patients in this group showed decreased 
ventricular stroke work with increased preloading. By decreasing 
preload and by including pharmacologic support for these patients, 
we were able to optimize ventricular function in all but two patients. 

We believe that these data represent a rather important piece of 
information in the management of these patients, both in their pre- 
operative management and in their continued intraoperative 
management. 


DR. JOHN J. SKILLMAN (Boston Massachusetts): I have also been 
interested in preoperative cardiac evaluation of these patients and 
have used the lower half of the G-suit as a method of displacing a 
volume of fluid from the lower extremities. The fluid can then be 
readily removed simply by deflating the suit. The present study, as 
well as my own, has emphasized the important point that, basically, 
all these patients tend to be hypovolemic, and it suggests strongly 
that they all need to be given fluid of some kind before their opera- 
tion. If one does this carefully, the incidence of declamping hypo- 
tension, or at least lowering of blood pressure on removing of the 
aortic clamp, is much reduced. 

I would like to ask the authors just two related questions. Do the 
authors intend to continue cardiac funtion testing as a standard 
practice in the future on all their patients upon whom they are 
carrying out these procedures? I am asking this question because in 
our own intensive care unit, it is quite obvious that it often is a 
problem to have the patient in the intensive care unit for a period of 
12 or 18 hours beforehand. Sometimes it is difficult just to get the 
patient studied. 

Second, does the authors’ work allow any specific suggestions 
about which patients might be studied preoperatively, so that one 
might be able to select those patients who absolutely require a 
Swan-Ganz catheter? 


DR. JoHN E. CoNNoLLY (Irvine, California): I question one thing 
whether we can attribute Dr. Whittemore's excellent results to the 
Swan-Ganz catheter. We have three hospitals in our program, and 
in one of these hospitals the anesthesiology service has routinely 
inserted a Swan-Ganz catheter in patients with aortic aneurysm 
and monitored the patient as have the authors. In another one of our 
hospitals we selectively use Swan-Ganz catheters in patients at poor 
risk and in elderly patients. In the third hospital we have rarely used 
the Swan-Ganz catheter. Of course, when the Swan-Ganz catheter 
was not used, we used a central venous catheter. 

It seems to me, in looking over our results for resection of abdominal 
aneurysms or other major vascular procedures in all three hospitals, 
that our mortality has decreased precipitously in the last decade. 
There are several other factors, however, that I think may be playing 
an important part. 1) We always hydrate the patients starting the 
evening before so that they come to the operating room in ideal fluid 
balance. 2) In all three hospitals we always put in an arterial catheter 
before the anesthesiologist starts major vascular procedure, so that 
blood pressure and blood gases can be constantly monitored before, 
during and after the operation. 3) We leave the endotracheal tube 
in at the end of the operation and keep the patient on a ventilator 
until it is clear that he or she does not require respiratory assistance. 
In certain patients such support may be required for hours or days. 

I assume that you are doing all of these other things that I have 
mentioned, but I think that these things must be stressed to anyone 
who may be reading this paper lest he or she think that the use of 
the Swan-Ganz catheter alone may be responsible for the wonderful 
results. 

I do think the Swan-Ganz catheter is a useful adjunct. I am not 
certain however whether I would agree that it needs to be used in 
every patient. I would certainly stress the other ancillary things that 
have been discussed. They are not only important in the resection 
of abdominal aneurysm but are important in the intraoperative 
and postoperative management of any major vascular problem, or 
for that matter, any surgical procedure. 


DR. JOHN A. MANNICK (Closing discussion): In response to Dr. 
Webb, we would agree, of course, that patients who have obvious 
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coronary artery disease, who are candidates for coronary artery 
bypass grafting, and who also have aneurysms, should have their 
coronary arteries repaired before their aneurysms are replaced 
electively. 

In the two instance in which we chose to do these operations 
simultaneously, both patients had tender, expanding, symptomatic 
aneurysms which we thought were in danger of rupture and also 
had severe cardiac disease. Therefore we elected to use the long, 
long incision for repair of both problems at the same time. I believe 
there are a group of patients who require this sort of combined 
approach, although I agree that this is not the customary treatment 
of patients with both coronary artery disease and aortic aneurysms. 

I also agree with Dr. Webb that these individuals do have a family 
of ventricular performance curves before, during, and after anesthesia 
and before and after cross-clamping the aorta. The curves tend to 
move up and down along the X axis, the cardiac index axis, as one 
goes through these various phases of managing the patient intra- 
operatively. However, by good fortune, in every instance that we 
have been able to study the pulmonary artery wedge pressure that 
gives optimal cardiac performance preoperatively also gives optimal 
cardiac performance as the curves move up and down during the 
course of the procedure. 

With respect to afterload reduction, our experience is a little 
different from Dr. Webb's. Patients in whom we have used nitro- 
prusside for afterload reduction have performed less well with respect 
to their response to aortic declamping than those individuals in 
whom nitroprusside was not used. So we are a little concerned 
about the routine use of afterload reduction by this mechanism 
during aortic cross-clamping. Most of our patients have not required 
nitroprusside during aortic cross-clamping at the infrarenal level. 

In response to Dr. Del Guercio, I was pleased to see his cost- 
benefit analysis of the use of the Swan-Ganz catheter. It confirms 
our prejudices, and I thank him for that. With regard to his per- 
formance curves using left ventricular stroke work index, that is 
actually how we plot our curves. For simplicity, we used cardiac 
index for the presentation today. 

In response to Dr. Dove, the preloading data that he has presented, 
I think, confirm our own feelings about the matter. 

Dr. Skillman asked: Are we going to use this as a standard practice 
now? The answer to that is yes. It does take up some time in the 
intensive care unit; however, one does not have to do the pre- 
operative volume loading in the intensive care unit the night before. 
It can be done immediately before the operation with complete 
safety, and I think that may help to reduce costs. 

Can we preselect the patients who are going to require this sort of 
management? I am not sure I can answer that. Obviously, the 
sicker and older the patient is, the more likely he or she is to get into 
trouble, and the more likely he or she is to benefit from this sort of 
monitoring. However, we have also seen exceptions to this in 
younger and apparently healthy patients, and I am not sure I can 
predict who is going to get into trouble and who is not. Therefore, 
my prejudice is to monitor everyone undergoing aneurysm re- 
placement. 

Again, Dr. Connolly points out the value of other factors in 
reducing mortality in aneurysm operations. I cannot argue with that. 
However, in our own experience we had used all those other factors 
by 1972, and when we introduced this method of handling patients, 
our own operating mortality decreased considerably. 

The idea of routine volume loading of patients prior to aneurysm 
operations without Swan-Ganz catheter monitoring may be a little 
dangerous. As Dr. Whittemore pointed out, some of these individuals 
will show a descending limb on the Starling curve after only modest 
volume loading, and it is wise to pick these patients out of the group 
before operation. 

Finally, it is only fair to point out that after this abstract was 
submitted and the manuscript prepared for presentation, I had an 80- 
year-old patient with an asymptomatic abdominal aortic aneurysm 
of 9 cm, plus documented coronary artery disease, who went 
through his abdominal aneurysm resection without difficulty and 
then died on the seventh postoperative day of a massive pulmonary 
embolus. 
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A review of 42 patients with gastrinoma, who either survived 
five years or longer or who died during this period of evalua- 
tion, was carried out to define the surgical principles which 
might be combined with the recent trend toward cimetidine 
therapy. Thirty-four (80%) of the patients had total gastrec- 
tomy with an operative mortality rate of 2.3%, and eight pa- 
tients (20%) had less than total gastrectomy. No tumor was 
found in six patients with hypergastrinemia and an abnormal 
secretin bolus whose five-year survival rate was 100%. Of the 
thirty-six patients having tissue proof of gastrinoma, twenty- 
two (61%) had complete resection of all gross tumor resulting 
in a 76% five-year survival rate. Fourteen patients had un- 
resectable tumor or partial resection with a five-year survival 
rate of 21%. Complete gross tumor resection increased mean 
survival by six years (p — 0.01), but resulted in persistent 
eugastrinemia in only two patients. Long-term survival was 
possible with a combination of vagotomy, lesser gastric proce- 
dures, tumor resection, and cimetidine, seven of eight patients 
living more than five years. Surgical management of gastrinoma 
should be directed toward aggressive tumor resection and vagot- 
omy, with reliance on cimetidine therapy postoperatively to 
control the gastric hypersecretion. Total gastrectomy should be 
reserved for cimetidine failures and those who do not wish to 
take cimetidine for the rest of their lives. 


VER THE PAST 25 YEARS, the primary goal in the 

treatment of gastrin-producing islet cell tumors! 
has been to completely control the hormonally induced 
gastric hypersecretion by total gastrectomy or the re- 
moval of all tumor. Recently, it has been established 
that gastric secretion can be controlled by the H, re- 
ceptor antagonists, giving the surgeon a greater op- 
portunity to attack the tumor and its metastases. More 
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than one form of therapy is now available, and this 
has introduced some differences of opinion concerning 
the management of patients with gastrinoma. 

An appraisal of the therapeutic alternatives will be 
presented, based on 25 years of precimetidine expe- 
rience with patients with gastrinoma, combined with 
current concepts gained from the literature and personal 
impressions of a few authorities in this field. 


Clinical Experience 


Only the 42 patients who survived five years or longer 
or who died within the period of this evaluation are 
included in this report. Such long-term follow-up is 
essential, since the serum gastrin levels following a 
surgical procedure may be temporarily lowered, re- 
sulting in a false interpretation of the effectiveness of 
the procedure (Fig. 1). All 42 patients were operated 
on in the precimetidine era, and more than one-half 
(25 patients) were operated on before the gastrin radio- 
immunoassay was available. They include the patients 
first reported in 1955, as well as one patient operated 
on in 1948. Twenty-two of the patients had had ap- 
proximately 50 previous gastric operations that were 
unsuccessful in controlling their gastric hypersecretion. 
The mean number of previous gastric operations was 
two, ranging from one to five. 

The diagnosis of gastrinoma was confirmed by mi- 
croscopic proof of tumor in 36 patients. In the remain- 
ing six patients, tumor was not found at operation, 
but all had elevated fasting gastrin levels and positive 
gastrin responses to secretin challenge. 


0003-493 2/80/0900/0422 $00.95 © J. B. Lippincott Company 


422 


Vol. 192 e No. 4 








ISLET CELL TUMORS 423 
Diagnosis MEAN GASTRIN 
pg/ml 
Since 1971, the gastrin radioimmunoassay? and pro- 19,900 
vocative tests with secretin and calcium gluceptate have * g 
made possible the earlier and more secure diagnosis of — cdd 
gastrinoma. The role of preoperative serum gastrin da EAS 
levels in predicting extent of tumor involvement, tumor i wk 
aggressiveness, and patient survival is not clear. In D © 
general, the higher the fasting serum gastrin levels, hata Qu 
the greater the likelihood of extensive tumor as well aN COMPLETE 
as tumor metastasis. While there were distinct excep- a 
tions, patients with localized or unidentifiable gas- 300 —À 
trinoma tended to have fasting serum gastrin concen- 
trations below 1000 pg/ml that did not rise above 2000 150 * 
pg/ml during calcium infusion. In contrast, patients with mirana | 
metastases had fasting serum gastrin concentrations O | l2 60 


above 1000 pg/ml and peak levels above 2000 pg/ml 
during calcium infusions. Lower preoperative levels 
correlated with improved five-year survival. 

Way? has emphasized improved results with earlier 
diagnosis. Since 1971, we have encountered fewer pa- 
tients who have had previous gastric operations or who 
have extensive tumor at surgical exploration. This has 
given rise to optimism about finding more localized, 
resectable, and potentially curable disease. 

Gastrinomas are usually so small that they cannot 
be localized by CAT scans or ultrasound. Unfortunately, 
the gastrinoma within the pancreas is rarely visualized 
by angiography, but metastases to the liver may be 
demonstrated. Selective pancreatic vein sampling has 
been successful in localizing the anatomic area of pan- 
creatic tumor involvement and has been found by Stadil, 
Passaro,?* Mercadier? and others to be helpful. Gas- 
troscopy may be considered in the search for a localized 
duodenal tumor, but positive findings are uncommon. 

A total endocrine assessment is indicated, since the 
finding of one endocrine tumor suggests a search for 
others. Hyperparathyroidism in 2546 of the patients in 
this series is consistent with other reports.* In patients 
with hypercalcemia and elevated parathyroid hormone 
levels, a subtotal parathyroidectomy should be the first 
surgical procedure. There is usually a decrease in the 
serum gastrin levels as the serum calcium levels fall 
following parathyroidectomy, but the fall is usually only 
temporary. Recurrent hypercalcemia has been observed 
in 33% of the patients with MEA or familial hyper- 
parathyroidism.* In this series, six of seven patients 
had either persistent or recurrent hypercalcemia from 
ten months to six years after the initial operation per- 
formed elsewhere. Serum calcium levels should be 
measured at the time of gastrin determinations during 
long-term follow-up studies to detect recurrence. 

Seventeen of the 42 patients with gastrinoma had 
a history of nephrolithiasis, suggesting the associated 
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Fic. |. Five-year gastrin trends following resection of gastrinoma. 


diagnosis of hyperparathyroidism. However, in only 
ten of the 17 patients with nephrocalcinosis or calculi 
could the diagnosis of hyperparathyroidism be sub- 
stantiated. Five of the remaining seven patients had 
had diarrhea or steatorrhea as a major symptom of a 
proved gastrin-producing tumor, and two had idiopathic 
kidney stones. The observation that in one-third of 
patients with kidney stones in this series, calculi were 
associated with enteritis and not with hyperparathyroid- 
ism opens the door to speculation as to the cause. This 
finding is consistent with the observations of others that 
kidney stones are more frequent in chronic diarrhea and 
steatorrhea.* Unfortunately, no calculi were available 
for chemical analysis or oxalate content. In addition, 
12% of the patients had other endocrine tumors, in- 
cluding one adrenal cortical adenoma, one pituitary 
adenoma, and surprisingly, three pheochromocytomas. 


Surgical Management 


All 42 patients underwent surgical exploration to 
control the gastric hypersecretion as well as to ag- 
gressively search for and resect as much gross tumor 
as possible. An attempt to resect gastrinoma was made 
in 80% of the 36 patients in whom tumor was found. 
The operative mortality was 2.3%, the only death occur- 
ring in a patient who underwent emergency total gas- 
trectomy for uncontrollable upper gastrointestinal hemor- 
rhage one week following vagotomy and pyloroplasty. 

Because all operations were performed before the _ 
advent of cimetidine, total gastrectomy was the only 
sure method to control the virulent ulcer diathesis in 
80% of the patients (Table |). Roux-en-Y reconstruc- 
tion was routinely used. All accessible tumor was 
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TABLE 1. Radical Surgery for Gastrinoma 
Number 
Procedure of Patients 
Total Gastrectomy & 34 
Tumor Removal 26 
hemipancreatectomy 19 
total pancreatectomy l 
metastases 10 
Tumor not removed 5 
No tumor 3 


resected from the pancreas, duodenum, lymph nodes, 
or liver in 61% of these patients. 

A hemipancreatectomy was performed in 19 patients, 
over one-half of whom had total gastrectomy. In 13 
patients, the procedure was performed to resect gross 
tumor, and in six as a blind resection in an effort to 
verify and excise microscopic tumor. 

Metastatic gastrinoma was resected in 62% of the 16 
patients with metastases having total gastrectomy. In 
three patients it was possible to remove all metastatic 
tumor: two patients had excision of large solitary lymph 
nodes, and one had a wedge resection of a solitary 
liver metastasis. 

Despite the conviction in early days that total gas- 
trectomy was essential as a life-saving procedure in 
most patients, eight patients did not have total gastrec- 
tomy (Table 2). In seven of these patients, tumor was 
so small that it could either be completely excised or 
was not found at the time of operation. These patients 
had less aggressive gastrinoma, and longer survival 
was anticipated. 

Three of these patients did not have total gastrectomy 
because all accessible gastrinoma was successfully 
excised. The first patient, previously reported in 1956, 
was operated on in 1948. Following vagotomy and 
ligation of the left gastric artery, the gastric hyper- 
secretion was reduced in volume by 50%, and the acidity 
was reduced from 129 to 59 mEq two weeks after vagot- 
omy. Following removal of an islet cell tumor in the 
body of the pancreas, the volume decreased sharply 
to a total acidity of 7 mEq. This early patient clearly 
demonstrated the effectiveness of vagotomy in reduc- 
ing gastric acidity in the presence of a noninsulin-pro- 
ducing islet cell tumor. The dramatic further fall in 
gastric acid values following removal of the tumor was 
consistent with an association between the tumor and 
the gastric hypersecretion. The patient died four years 
later with diffuse hepatic metastases, but she had relief 
from her gastric complaints for six months following 
the vagotomy and hemipancreatectomy. 

The second had enucleation of a solitary pancreatic 
adenoma without a gastric procedure. This patient, 
alive and asymptomatic 14 years after operation, is one 
of only two of the entire group who has had long-term 
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normal fasting and provocative serum gastrin concen- 
trations. The third had excision of duodenal adenoma 
with vagotomy and pyloroplasty, and although asymp- 
tomatic, his gastrin levels have steadily increased. 

An additional three patients had a vagotomy and less 
than total gastrectomy because of failure to identify 
tumor in the absence of an accurate gastrin radioim- 
munoassay. All have subsequently had elevated fasting 
gastrin levels, abnormal secretin bolus responses, and 
recurrent symptoms requiring cimetidine. 

Of the remaining two patients, one underwent a series 
of five ulcer operations at other hospitals and at post- 
mortem examination ten years after the initial opera- 
tion was found to have a small gastrinoma within the 
duodenal stump. The eighth patient was presumed to 
have adenocarcinoma of the pancreas, and vagotomy 
and pyloroplasty along with cholecystoduodenostomy 
were performed. However, postoperatively this was 
proved on light microscopy to be an islet cell tumor, 
and elevated fasting serum gastrin concentrations were 
documented. The patient is presently living seven years 
after operation, and until cimetidine was available, she 
had had several massive gastrointestinal hemorrhages 
from multiple duodenal ulcerations. 


Postoperative Follow-up Studies 


The overall five-year survival rate in the 42 patients 
was 64%. The most important factor in the patients’ 
long-term survival was the resectability and extent of 
the tumor. Regardless of the type of gastric operation, 
patients in whom all gross tumor was resected or in 
whom no tumor could be found after aggressive search 
had the best long-term survival rate (Table 3). Com- 
plete tumor excision was possible in over one half the 
patients with a five-year survival rate of 7696, com- 
pared to the five-year survival rate of 21% in the 14 
patients whose gastrinoma was not completely resect- 
able. Complete resection of tumor increased survival 
rates by an average of six years in those patients who 
died either as a result of or with extensive tumor (p 
< 0.001, unpaired t-test, df = 14, t = 5.642) (Table 4). 
Partial resection of metastatic tumor did not improve 
survival rates. Six of the 42 patients had no tumor 


TABLE 2. Lesser Surgical Procedures in Gastrinoma 


Number 
Procedure of Patients 
Vagotomy 7 
gastroenterostomy 2 


hemipancreatic l 
pyloroplasty 
duodenal tumor l 
gastric resection 3 
Enucleation of tumor l 
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found at exploration, and all six are alive and have 
survived over five years. 

Total gastrectomy performed in patients with the 
most extensive tumor resulted in five-year survival rate 
of 6096. Seven of the eight patients not having total 
gastrectomy, either because tumor could not be found 
or could be completely resected, survived five or more 
years. Prolonged survival could be anticipated in this 
group and was clearly related to the lesser extent of 
tumor. Seventy per cent of the patients who survived 
five years subsequently required cimetidine for relief of 
symptoms related to gastric hypersecretion, and were 
it not for this medication, all would have subsequently 
required total gastrectomy. 

Modest decreases in fasting serum gastrin concen- 
trations were noted in the immediate postoperative pe- 
riod in all of the patients having complete gross tumor 
excision and in one-half of those having partial resec- 
tion. However, these changes were only transient, as 
gastrin concentrations five years after surgery had sur- 
passed preoperative levels in the majority of patients 
(Fig. 1). Only two of the 42 patients have had per- 
sistently normal serum gastrin levels during a follow-up 
(as long as 14 years in one patient). 

Approximately one-third of the patients have post- 
operative fasting gastrin levels below 500 pg/ml and 
tend to remain in this zone for five years or longer. 
However, over a five-year period, patients having fast- 
ing gastrin levels between 500 and 1000 pg/ml tend to 
show an upward trend. The aggressiveness of the tumor 
is illustrated by the decrease from 2896 below 1000 
pg/ml to only 6% below 1000 pg/ml over a five-year 
period. The three deaths during the past five years oc- 
curred in patients with gastrin levels above 1000 pg/ml. 
The percentage of patients in this group increased from 
44% in 1975 to 62% in 1980. 

Quantitation of the individual molecular species of 
gastrin may improve detection of tumor spread. Fabri 
et al." evaluated 17 of these patients having total 
gastrectomy and proved tumor and found that of the ten 
patients with known metastases, seven had levels of 
G-17 greater than 20% of total gastrin, whereas only 
one patient of seven with no gross metastasis had a 
G-17 value greater than 20% of total gastrin. Trends 
in the postoperative gastrin levels apparently do indicate 


TABLE 3. Control of Tumor in Gastrinoma (Procedure 
vs. Five-year Survival Rate) 








Number 
Procedure of Patients Per Cent 
No tumor found 6 100 
Complete resection 22 76 
No resection 7 30 
Partial resection 7 14 
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TABLE 4. Complete Tumor Resection Significantly Increased Survival 
1 ——————  Á— Á— HCM 





Average Average 
Survival Tumor Survival 
Tumor Number Rate Death Rate 
Resection of Patients (Years)* (No.) (Years)? 
Complete 22 9 5 TIa 
Not possible 14 3 8 2.5 





* p < 0.01 unpaired t-test, t = 3.140, df = 34. 
* p « 0.001 unpaired t-test, t — 5.682, df — 12. 


impending disaster, and it may be that chemotherapy 
should be considered when the postoperative fasting 
gastrin level exceeds 1000 pg/ml and the provocative 
infusion studies exceed 2000 pg/ml. 

It is difficult to evaluate the benefits of chemotherapy 
in these unusual tumors with a bizarre and unpredict- 
able growth pattern. Experience with five patients was 
described in 1976,!! and chemotherapy has not been 
repeated in the last four years. As anticipated from 
clinical evaluation, two patients died of extensive 
metastatic disease one and three years after the last 
treatment. The clinical impression was that the quality 
and duration of both patients’ lives had been improved 
by chemotherapy. The other three patients are living, 
but whether they would still be living had they not 
had chemotherapy is unknown. More recently, chloro- 
zotocin 200 mg/m? as a bolus every six weeks has 
been recommended.” This is reserved for good-risk 
patients with proved tumor, significant symptoms, 
and disease measured with gastrin levels. Patients 
should not have received prior radiation, and at least 
three weeks must intervene between operation and 
chemotherapy. 


Discussion 


The introduction of the H, receptor antagonist, 
cimetidine, has revolutionized the therapy of gas- 
trinoma. The so-called "chemical gastrectomy” has 
gradually replaced surgical total gastrectomy in the 
majority of patients. However, cimetidine, as did total 
gastrectomy, only treats the potentially life-threaten- 
ing manifestations of gastrinoma and does not alter 
potentially fatal progressive tumor growth. Surgery 
should now be directed toward control of the tumor 
rather than the complete eradication of the massive 
gastric hypersecretion by total gastrectomy. 

Eleven authorities in the management of gastrinoma 


were asked their opinions." There was general agree- , 


ment as to the value of cimetidine in the preoperative 
and postoperative control of gastric hypersecretion. 
But, total gastrectomy continued to be the treatment 
of choice when cimetidine failed, and several elected 
this procedure routinely, especially if the symptoms 


-- 
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TABLE 5. Recommended Therapy for Gastrinoma 
Therapy Operation Follow-up 
Cimetidine 
Parathyroidectomy ? 
Surgical exploration 
negative V&P Cimetidine 
tumor V&P Resect Cimetidine 
metastasis V&P Resect Cimetidine 
Chemotherapy? 


were severe and metastases were present. One favored 
total gastrectomy in children. All agreed that a search 
for solitary tumors was indicated. Resection of tumor 
was uniformly recommended, while one did not favor 
partial tumor resection. Despite various reports of un- 
desirable side effects from cimetidine,'*'’ no mention 
was made of side effects other than gynecomastia in 
496 of patients. The more experienced the surgeons in 
gastric and pancreatic surgery, the more aggressive 
was their approach. 

Cimetidine usually provides immediate relief of 
symptoms and should be prescribed as soon as the 
diagnosis is confirmed by secretin challenge. The drug 
prevents the catastrophic complications formerly seen 
while the patient’s operative risk is improved and a 
complete endocrine survey is made. If the patient is 
hypercalcemic with elevated serum parathormone 
levels, a subtotal parathyroidectomy should be the 
initial operation. 

Regardless of the ability of cimetidine to control 
the patients symptoms, all patients should be ex- 
plored. The fear of exploratory laparotomy must not 
lead to reliance on long-term medication to provide 
symptomatic relief; such a practice will foster further 
growth of potentially resectable tumor. Twenty-five 
years’ experience in the treatment of gastrinoma has 
emphasized that the most important factor in long-term 
survival rate is the ability to detect and resect all 
accessible tumor. Aggressive exploration identified 
gastrinoma in three-fourths of the patients, and it was 
completely resected in 61% of the patients. Complete 
resection of tumor extended a patient’s life by an aver- 
age of six years and resulted in a 76% five-year survival 
rate (Tables 3 and 4). Therefore, surgical exploration 
to search out and resect all accessible tumor is of pri- 
mary importance in the treatment of gastrinoma. 

The extent of the surgical procedure on the pancreas 
should be governed by the expertise of the surgeon 


_ inthis anatomic area. Some prefer a Whipple procedure 


for tumors in the head of the pancreas or duodenum.'® 
Total pancreatectomy should be avoided because of 
the possibility of total gastrectomy later. Lymph nodes 
adjacent to the pancreas should be excised to establish 
the presence of metastases and in the hope of improv- 
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ing survival. Large obviously tumor-laden lymph nodes 
should also be excised, and solitary metastases to the 
liver removed by wedge resection. 

At exploration. in addition to resection of gastrinoma, 
cimetidine control may be facilitated by performing a 
vagotomy, which has been shown to reduce gastric 
acid production by 5046 in the presence of gastrinoma. 
Others have speculated on the enhancing effect of 
vagotomy on cimetidine therapy.'* Pyloroplasty should 
probably be performed to facilitate the detection of 
a duodenal submucosal adenoma. 

If tumor is not found at exploration, the effort has 
not been wasted, as a reliable prognosis for long-term 
survival can be given to the patient and the family, 
and vagotomy performed to improve the ability of 
cimetidine to control the patient’s symptoms. 

Postoperative evaluation indicates that hypergas- 
trinemia will persist in the majority of patients after 
tumor resection over a period of five years (Fig. 1). 
Less than 5% of the patients had persistently normal 
fasting gastrin concentrations after operation. Thus, if 
the patient is explored and tumor resected, cimetidine 
must be continued for the patient’s lifetime, unless 
total gastrectomy has been performed. 

Total gastrectomy is reserved for patients who have 
failed on cimetidine therapy, either because of lack of 
compliance with the medication regimen, drug tolerance, 
or progressive gastric hypersecretion. Regression of 
tumor, especially with metastasis to the liver, has been 
reported by Friesen'* and others'? following total gas- 
trectomy, but the occurrence is not sufficiently frequent 
to warrant the continuation of routine total gastrectomy 
for this reason. Some have suggested total gastrectomy 
be considered in young patients because of the pre- 
viously reported good results and the anticipated long 
survival rate.?? But currently, the need for such a radi- 
cal approach in even a young patient must be ques- 
tioned if tumor can be resected and gastric hyperse- 
cretion controlled by vagotomy and cimetidine. 

The role of chemotherapy in the management of 
metastatic gastrinoma is uncertain. It is difficult to pre- 
dict which patients will derive benefit from this treat- 
ment. Chemotherapy with either streptozotocin or 
chlorozotocin may be considered in a few patients with 
aggressive or extensive tumor indicated by fasting 
gastrin levels above 1000 pg/ml, peak gastrin levels 
above 2000 pg/ml during calcium infusion, and a G-17 
greater than 2046 of fasting gastrin. 

The demonstrated increase in survival in this series 
justifies aggressive resection of gastrinoma, whether it 
be in the pancreas, duodenum, lymph nodes, or liver. 
The surgeon’s role has changed from performing rou- 
tine total gastrectomy to performing vagotomy and 
pyloroplasty in addition to excising all accessible tumor 
(Table 5). 
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Summary 


Cimetidine, the so-called "chemical gastrectomy,” 
has gradually replaced surgical total gastrectomy to 
control the virulent gastric hypersecretion in the 
majority of patients with gastrinoma. However, like 
total gastrectomy, cimetidine treats only the conse- 
quences of gastrinoma, and its use will not alter pro- 
gressive tumor growth which is the most frequent cause 
of death in these patients. During the past 25 years, 
we have treated 42 patients with gastrinoma and have 
found that a direct and aggressive surgical approach 
to the tumor improves long-term survival rate. 

Surgical exploration identified gastrinoma in nearly 
three-fourths of patients, and resection of tumor was 
clearly of benefit. The five-year survival rate was 76% 
in patients having complete resection of all gross tumor 
from the pancreas, duodenum, lymph nodes, or liver, 
in comparison to 21% in those in whom complete tumor 
resection was not possible. When all identified tumor 
was excised, the duration of survival increased by an 
average of six years. In six patients, no tumor was 
identified and all six are alive, surviving at least 
five years. 

As long as the patient’s symptoms can be controlled 
with cimetidine, total gastrectomy is no longer required. 
However, surgical exploration is advised routinely, in 
order to search out and resect the gastrinoma com- 
pletely and improve the patient’s long-term survival. 
With earlier diagnosis afforded by the gastrin radio- 
immunoassay, it can be expected that more patients 
will have resectable tumor. Vagotomy may facilitate 
postoperative cimetidine therapy, as it may reduce 
gastric acid production. Importantly, if tumor is not 
found, a hopeful prognosis for prolonged survival may 
be given the patient and the family. Even after com- 
plete excision of gross tumor, only 5% of patients will 
have persistently normal serum gastrin levels and be 
asymptomatic, the remaining 95% will require lifetime 
cimetidine therapy. Total gastrectomy is reserved for 
patients who either fail with cimetidine therapy or can- 
not comply with the medication schedule, or who do 
not wish to take cimetidine for the rest of their lives. 

The surgical skill, judgment, and experience pre- 
viously required to perform total gastrectomy can now 
be well spent in a more aggressive search for and re- 
section of the gastrinoma. A diagnosis of gastrinoma 


DISCUSSION 


PROFESSOR RICHARD B. WELBOURN (London, England): It has 
been a rare treat today to hear from Dr. Zollinger and from Dr. 
Ellison, Jr., this 25-year review of the growth of his and Dr. Ellison, 
Sr.'s original idea and to learn of their impressive results. 

My own experience is not nearly so great, but I treated my first 
patient with a gastrinoma in 1957. I will not quote any statistics, 
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is an indication for early surgical exploration by a 
surgeon with expertise in both pancreatic and gastric 
procedures. 
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but will highlight some of the lessons which we have learned and 
problems which we have encountered. 

Benign resectable gastrinomas are undoubtedly rare, but I see 
regularly a patient whom I inherited from a retired colleague, Mr. 
Leslie Lauste. In 1961 Lauste found and removed two benign tumors 
from the head of the pancreas during the fourth operation (not total 
gastrectomy) for aggressive ulcer disease. The patient did well and 19 
years later has a normal plasma gastrin level. 
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Total gastrectomy has, of course, been the treatment of choice 
for most patients until recently. In 1967 I did this operation on a 
patient whose malignant tumor could not be removed completely. 
Now, despite a secondary deposit in the lung, which has been grow- 
ing slowly for several years, and a high plasma gastrin level, she is 
still in good health. The patient has survived longer than any other 
similar patient whom I have treated. 

I was interested to hear of the six patients in the series in whom 
no tumor was found. We have all had this experience. The fact that 
all of them were alive and well five years later makes me wonder 
if they were suffering from benign G-cell hyperplasia of the pyloric 
antrum. This condition is, of course, curable by total gastrectomy, 
but it is an unnecessarily big operation. G-cell hyperplasia is a defi- 
nite entity, but a rare one. The most convincing case I know of 
was described by my former assistant, Mr. David Cowley. He had a 
patient with a typical Zollinger-Ellison syndrome, clinically and bio- 
chemically, but could not find a tumor. Instead of doing a total 
gastrectomy, he undertook vagotomy and antrectomy. The patient 
was cured at least for several years, and a high gastrin level returned 
to normal immediately after operation. Immunohistochemical ex- 
amination showed extreme hyperplasia of the gastrin-secreting cells 
in the antrum. We should be able to diagnose this condition pre- 
operatively by taking antral biopsies and examining them by im- 
munofluorescence, but I have not yet found one in this way. I see 
that Dr. Zollinger treated three of these patients by total gastrec- 
tomy. What happened to the plasma gastrin levels afterward? If the 
patients had G-cell hyperplasia, this should have returned to normal. 
How did you treat the other three patients, and with what result? 

Cimetidine has taken the urgency out of the situation. It allows 
us to cure the ulcers in nearly all patients and then to investigate 
and attack the tumor at leisure. Other, and perhaps better drugs, 
are on the way. Unfortunately we may still be disappointed, even 
when everything looks favorable. Last year we had a patient with a 
stomal ulcer after vagotomy and gastroenterostomy whose plasma 
gastrin and pancreatic polypeptide levels were high. Cimetidine 
healed the ulcer. Pancreatic angiography showed a circumscribed, 
benign-looking, 2 cm tumor in the head of the pancreas. Selective 
venous sampling showed a possible hot spot for gastrin and a con- 
vincing one for pancreatic polypeptide (PP) at the same site. At 
operation we found a benign tumor in the front of the body of the 
pancreas and removed it without difficulty. We could not find any 
other tumor and thought that we had been successful. However, 
his plasma gastrin and PP levels remained high, and examination 
of the tumor showed it to be producing PP only. Clearly he is still 
secreting gastrin and PP from a tumor or tumors elsewhere. How- 
ever, he is well controlled with cimetidine. 

Finally, last month we had a tragic problem which defeated us. 
The patient had duodenal ulceration, controlled by cimetidine in a 
dose of 2 g/day, and high plasma gastrin and PP levels. At opera- 
tion we found multiple islet cell tumors and decided to undertake 
total gastrectomy. Three days after operation severe melena devel- 
oped for which we could not find a cause, and the patient died. 
At autopsy, when the intestine was opened, we found a solitary 
ileal diverticulum on the mesenteric border, about two feet from the 
lower end. It was invisible from outside but was ulcerated and 
bleeding from a large vessel. Histologically the diverticulum was 
lined by gastric mucosa, which contained multiple parietal cells. I 
wonder if anyone else has encountered this rare complication. 

Cimetidine has thrown the whole problem of the treatment of 
gastrinomas into the melting pot. It holds great promise, but several 
years must pass before we know how many more patients it will 
help us to cure and whether or not we can improve on Dr. Zollinger's 
excellent results. 


THE Lorp SMITH (London, England): For a number of years, I 
believe there has been quite a common belief that Dr. Zollinger and I 
hold diametrically opposite views about the treatment of this syn- 
drome, that Dr. Zollinger has stressed the need in most instances 
for doing a total gastrectomy, whereas I would feel that in most 
instances you should attack the pancreas and leave the stomach 
alone. 

In fact, this is not quite true. We have few differences, and they 
are of degree rather than principle. 
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I think we see so few of these patients that we become impressed, 
as we must, by one or two patients. In the middle 1950's I had in 
rapid succession two 30-year-old women who had resectable tumors, 
instances in which it was quite clear that we ought to be able to 
remove all the visible tumor. In fact that was the sole operative 
procedure carried out, the stomach being left entirely alone. 

One of these patients went a few years, had three parathyroid 
tumors removed, went a year or two more, had a pituitary tumor 
removed, and finally remained in good health for ten years. She 
then had a recurrence and had to have a total gastrectomy. 

The other patient has now gone 20 years, still with her stomach 
intact and still without any symptoms. Both of these two arrived 
before we had Gregory in Liverpool to do gastrin levels for us. How- 
ever, the symptoms disappeared, and the gastric hypersecretion 
disappeared. 

These two patients impressed me greatly, and I still do believe 
that when one performs an exploratory procedure, it is not unrea- 
sonable to look first at the pancreas. If you cannot remove all tumor 
for various reasons, such as multiplicity or metastases in the liver, 
perform a total gastrectomy. If you think you have removed all 
tumor, but the operation is ineffective and the high gastrin levels 
continue, by all means perform a total gastrectomy. 

If you send the patients home and follow them up and the syn- 
drome recurs, then you would have to do a total gastrectomy. I 
think it is reasonable to see whether or not you control the syndrome 
by tumor removal alone, provided you can, of course, institute a 
proper and close follow-up study. 

So I believe that if Dr. Zollinger and I have differences it would 
merely be he believes that the syndrome's control by tumor re- 
moval is so infrequent that it is perhaps not worthwhile even to 
think of it. I believe it is rare, but it happens sufficiently often that it 
is worth considering, because the stomach is a valuable organ, and 
I would hate to feel that even occasionally I had removed it un- 
necessarily, particularly in thin young women. 

As regards cimetidine, I may be proved wrong over this, but 
perhaps Ainetidine has not altered the position materially, except 
in that it may enable one to buy time—as Professor Welbourn put 
it, to remove the urgency from the situation. I doubt whether it is 
appropriate to keep many of these patients taking cimetidine for 
the rest of their lives, and this is what it would mean if used as part 
of a definitive plan. As definitive treatment, combined with lesser 
surgical procedures, such as a vagotomy, I have considerable re- 
sistance to performing an operation I know is inadequate and then 
hoping that some wonder drug is going to keep me out of trouble. 


PROFESSOR MAURICE P. MERCADIER (Paris, France): Since 1959, 
I have seen 17 patients with Zollinger-Ellison syndrome. I share the 
views of all the authors, but I would like to insist on two points. 

It is possible to get an exact localization of a pancreatic tumor 
by selective catheterization of the portal vein on radioimmunoassay 
of samples from the portal blood. This last year, I operated on 
two patients after such preoperative investigation. In each operation, 
| was able to excise the malignant carcinoma and the metastatic 
nodes. In one of two patients the tumor was in the tail of the 
pancreas, and the nodes were at the level of the porta hepatis. 

I did not complete these local excisions with vagotomy. | now 
think it would have been wise to do so. 

On the other hand, I think cimetidine is not always able to control 
Zollinger-Ellison syndrome. Since the beginning of the year, I have 
seen several instances of perforation or massive bleeding in patients 
undergoing H, receptor antagonist treatment for malignant ulcer. 
It could happen in patients with Zollinger-Ellison syndrome with 
high gastric acid output, such instances being difficult to approach 
with cimetidine. In such instances I still will excise the tumor and its 
metastases and perform a total gastrectomy instead of vagotomy 
because the results for 11 patients treated in such a way have been 
excellent. 


DR. JAMES C. THOMPSON (Galveston, Texas): I would like to say 
a few words firmly in support of total gastrectomy for the treatment 
of this disease. 

There may be an occasional patient with mild symptoms or mild 
manifestations of this disease who can be treated with metidine 
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and followed. We have, in fact, four such patients whom we have 
been following for the last four years. The vast majority of patients, 
however, in my opinion, will fare far better if treated with total 
gastrectomy. 

(slide) We have seen 23 patients in the last ten years at the uni- 
versity of Texas in Galveston, one more since I had this slide pre- 
pared. We have done total gastrectomies on 18 of these patients 
without mortality. 

(slide) We found the primary tumor in only ten of these 18 pa- 
tients. Two of these tumors were in the mesentery, two in the duode- 
num; three had hepatic metastases at the time of laparotomy. Six 
of the patients subsequently died of tumor growth. Twelve are alive 
and well, and 11 of these patients are working full time; the other 
is an alcoholic. 

Ten of these patients have high gastrin levels postoperatively. 
In fact, the only patient in whom we were able to totally eradicate 
the tumor was one in whom we found two small nodules in the 
mesentery, and we just concluded that they were metastases, and 
proceeded with total gastrectomy. 

Two patients had the duodenal tumors, one was solitary, one 
was multiple. We did total gastrectomies on both, and both patients 
had high postoperative serum gastrin levels. 

We had hoped for a while to be able to develop a rapid gastrin 
assay, and Dr. Rayford, my colleague, in fact, developed a gastrin 
assay which could be done in about three hours. We had hoped that 
we would be able to detect how gastrin levels reacted to tumor 
excision, to be able to plan whether or not to do a total gastrectomy. 
However, we have found now in five patients that after excision 
of tumor the gastrin levels returned to normal for three or four 
days, but then began to rise gradually, and within a week the levels 
were high again, indicative either of multiple primaries or of autono- 
mous metastases. 

I think that this means that no intraoperative gastrin measure- 
ment is ever going to be of great help. 

(slide) I would like to briefly review the nutritional status of the 
18 patients who have undergone total gastrectomy. One patient 
weighs 195 pounds; his preoperative weight was 245, and he works 
full time as a stevedore on the Galveston wharves. Three patients 
weigh more than 160 Ib, and one, in fact, went to Weight Watchers 
for a while, but she admitted she did that just for a trick. Before 
tumor symptoms became manifest, only three patients lost more than 
10% of their preoperative body weight, and none lost more than 20%. 
No patient complained of weight loss before his or her tumor symp- 
toms became manifest. 

Now, we all know that many gastroenterologists are loath to send 
their patients to a surgeon for total gastrectomy. I think the reasons 
for the bad results of total gastrectomy in the past actually had 
two main causes. One was the progression of the primary gastric 
cancer for which the patient was operated on; and the other was bile 
reflux esophagitis, which causes the patients pain and discourages 
them from eating. 

Both of these, the nutritional problems and the bile reflux gas- 
tritis, can be totally prevented by the Roux-en-Y, end-to-end, or 
esophagojejunostomy, and this operation is greatly simplified with 
the end-to-end stapling device. 

Now, my concern is that if we adopt cimetidine as definitive therapy 
we are going to have a lot of patients who are carried for years, 
and then they will eventually stop taking the drug. Most patients 
eventually stop taking their drug, to see how things go. Since this 
is a cyclic disease, I think that they will often find themselves in an 
asymptomatic period and will stop taking their drug entirely. Then 
they are liable to a recurrence of the complications of this syn- 
drome, which can be devastating, and we will end up operating 
on many of these patients, many years later in their lives, when 
they are much less good operative candidates. We now have three 
such patients who have been taking cimetidine. Two of them got 
into trouble with bleeding, and one got into trouble with gastric 
outlet obstruction. 

Antral G-cell hyperplasia, referred to by Professor Welbourn, 
should, in fact, never be a diagnostic problem, since it shows a 
spectacular rise in serum gastrin level in response to food pre- 
operatively, in contrast to the patient with ordinary Zollinger-Elli- 
son syndrome, who will show almost no change in response to food. 
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Dr. Ellison, what are you going to do when you find extensive 
metastases at the time of laparotomy? Are you going to operate 
on them, or are you going to leave them alone? We believe that 
it is important to try to take out as much tumor as possible, but 
I would like to know what your advice is. 

Is it proper, as you do in your title, to call this a primary syndrome 
of jejunal ulceration, since, in fact, only relatively few of the patients 
show jejunal ulceration. 

Have you seen evidence of regression of the tumor after total gas- 
trectomy, a regression which has been demonstrated in a few tumors 
in other series? 

In closing, I would again strongly emphasize my support for the 
continued use of total gastrectomy — the course originally advocated 
with great foresight by Dr. Zollinger and the elder Dr. Ellison. 


DR. JAMES D. Harpy (Jackson, Mississippi): My associate and I 
had a man who had a malignant insulinoma. We debulked this tumor 
several times over the years to reduce the high insulin levels and to 
help control severe hypoglycemia. The serum gastrin levels were 
originally normal but gradually became markedly elevated, and 
peptic ulcer hemorrhage and perforation necessitated total gastrec- 
tomy. He lived for 14 years and, I hate to say, finally died of a 
complication of the last of the debulking operations. 

The most interesting item is a patient we have just had recently. 
The gastroenterologists came to us about six months ago and said 
that if we were willing not to do a total gastrectomy, they had a 
nice patient for us. Well, you can realize what a moral dilemma 
for me that was. If I insisted out of hand on total gastrectomy, they 
might send the patient somewhere else. So I said, " Well, let's take a look 
at the patient." What they had was an ulcer patient who had a tumor 
of the gastric antrum on which they had performed a biopsy, finding a 
Zollinger-Ellison tumor of the antrum. Meanwhile, the patient had 
very high gastrin levels. The gastroenterologists had done an arterio- 
gram which showed that he also had a tumor of the pancreas. I said, 
"Well, at least with the recent word about cimetidine, and so forth, 
I think I could accept the moral burden of at least exploring him 
and seeing what the situation is." 

We performed the exploratory procedures and removed the pan- 
creatic islet tumor lying on the aorta. Then we did a gastric wedge 
resection and took out the rest of the Zollinger-Ellison tumor of 
the antrum. There was no connection between the two tumors— no 
anatomic connection between the tumor in the antrum and the tu- 
mor in the pancreas. 

Postoperatively the gastrin level fell to normal. It still remains nor- 
mal, and we shall see how it goes. 


DR. STANLEY R. FRIESEN (Kansas City, Kansas): Those of you 
who recall the first paper on this subject 25 years ago will realize 
that was the first time this hormone, later called gastrin, could ema- 
nate from a source other than the gastric antrum, as postulated 
by Edkins 50 years before that. The original paper literally catalyzed 
research in both the clinical and the basic sciences. 

In that 25 years, there have been four major developments (slide) 
in our understanding and management of this syndrome. 1) These 
conclude that there are at least four pathogenetic types of the syn- 
drome described now. 2) There has been an evolution of the Apud 
concept, particularly the concept of ectopia. 3) There have been 
diagnostic quantitative assays, including stimulation tests of gastrin 
using secretin and the HPP, which has already been mentioned. 
4) There have been new modalities of therapy, which now get us to 
today's paper, which correctly emphasizes the role of aggressive 
surgical treatment of the tumor, and has prompted me to look over 
my own experience. 

(slide) As you can see, I have cared for 37 patients, who belong 
to each of the four pathogenic types. There have been only five 
deaths caused by tumor. This list includes 11 instances of what I 
call the entopic ulcerogenic syndrome due to antral G-cell hyperplasia. 

(slide) There were no operative deaths. Among the classic pan- 
creatic variety there were 12 of 16 patients having had a total gas- 
trectomy, with and without tumor excision, who have static or re- 
gressive growth of their tumor. Ten of the 12 patients became eugas- 
trinemic. The tumor increased in four of 16 patients having total 
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gastrectomy with tumor excision; the tumor increased in five of 
seven patients treated with cimetidine within the last three years. 

The tumor regressed in a total of seven patients in the United 
States. four of my own and three others. Three of these seven had 
temporary regression of tumor, lasting from six to 11 years. 

(slide) Our overall experience is depicted in this slide. Seven pa- 
tients were treated with cimetidine, with or without small resections 
at first, and three of these seven patients were converted to total 
gastrectomy plus excision of tumor. One patient was treated at first 
only by excision of tumor, but the syndrome persisted, and sub- 
sequently necessitated a total gastrectomy and a distal pancreatec- 
tomy for islet hyperplasia, and the patient has been eugastrinemic 
for 13 years. 

Three patients with liver metastases were also treated by intra 
arterially and intravenously administered streptozotocin. 

(slide) Since there are advantages and disadvantages of all the 
modalities of treatment, both for acidity and for tumor. I think we 
have to come to a rationale such as depicted on this slide. Cimetidine 
is an excellent blocker of the histamine receptor on the parietal 
cell. It is a better blocker than vagotomy, which blocks the acetyl- 
choline receptor. Cimetidine treatment is an excellent way to get 
patients ready for total gastrectomy and excision of the tumor or 
streptozotocin therapy, if there are metastases to the liver. 


DR. JOHN E. JESSEPH (Indianapolis, Indiana): I come forward not 
to add anything to the scientific discussion of this matter. It was 
all said just now. What I can do is to offer my personal vote of thanks 
to Dr. Zollinger and to his late colleague, Dr. Ellison, for opening 
this window for us through which so much has been seen. 

For those of us who have known Dr. Zollinger personally, that 
kaleidoscopic experience with his personality, his dedication, and 
his enormous energy will stay with us all our days. 


DR. RoBERT M. ZOLLINGER (Closing discussion): We appreciate Dr. 
Welbourn’s comments. He is interested, of course, in G-cell 
hyperplasia because of the place he comes from. For some reason, 
we just cannot seem to recognize that syndrome, but we can answer 
your question about when no tumor was found. Actually, three of 
these patients had antrectomy; three had total gastrectomy. They 
always had positive challenge tests when followed for more than 
five years, and all were secreting large amounts of gastrin, so there 
. was no doubt over the years that they really had a tumor. 

We do not disagree at all with Lord Smith. We both like to perform 
operations. I believe he likes it. I am led to believe he does, and we 
like to be aggressive. As Lord Smith pointed out in a letter to us not 
long ago, if you are not going to do total gastrectomy, you need 
a lot of expertise to do pancreatic surgery, so rather than throw the 
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doors open to people of limited experience in the diagnosis of gas- 
trinomas, it should be someone who has the courage to do the job, 
and the experience, not only as far as the stomach is concerned, 
but as far as the pancreas and metastases are concerned. 

Dr. Thompson has beat this subject to death over the years, and 
knows a lot about it, and he has stuck with total gastrectomy for 
25 years, as I have, and I still believe it is a good procedure. We 
do not know how well cimetidine is going to work. I seem to like the 
operation, but I think the time has come when we have to give 
some due consideration to a chemical type of total gastrectomy. 

The use of the shotgun approach in doing a Roux-en-Y procedure 
seems to be worthwhile. Dr. Thompson says it changes the time 
needed for the surgical procedure, and I agree with that, although 
I would not think of using the thing, because I have had enough 
trouble trying to train young men to suture. 

Dr. Thompson asks about extensive metastases. Yes, we have 
tried to remove them, as well as excise metastases in the liver and 
big metastatic lymph nodes, and this has given survival in two in- 
stances of over five years. Dr. Ellison mentioned that the patient 
who has had all gross tumor excised lives, on the average, six years 
longer than the others. 

Dr. Hardy said he had to knuckle down and do it, and it's a remark- 
able experience he's had. I’m sure that he did the right thing for the 
patients, and we're glad to get his personal testimonial in this regard. 

Now, about small tumors, we think small tumors in the duodenum 
are hard to find. We have had two in the antrum, right at the pylorus, 
three or four beyond, and it is for this reason that we think the 
pylorus should be split, and one should examine it carefully. 

I would add, too, that we have had only two patients with normal 
gastrin levels after five years. That is a rather sad comment on our 
ability to remove all the tumor. 

Dr. Friesen has studied this problem harder than any of the rest 
of us, and has made many contributions, and we are always pleased 
to hear his comments on this problem. 

It is time, perhaps, to move away from total gastrectomy, except 
when cimetidine fails, and when the patient does not take the drug. 
Dr. Way and others feel that this is particularly applicable to young 
men and women younger than 16 years of age. 

We have to convince our physician friends that it is time to recom- 
mend that every gastrinoma be considered a surgical problem. They 
should not treat the patient with cimetidine indefinitely. It is a basic 
principle to take out the malignant tumor rather than to treat the 
end result. 

Finally, as we predicted a long time ago, we hoped, when Dr. 
Ellison presented this 25 years ago that it would open the doors 
to further exploration of the problems of gastric ulcer and duodenal 
ulcer, and certainly we think that it has done that for many gas- 
trointestinal syndromes. 
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Each tablet contains 4.50 mg oxycodone HCI 
(WARNING: May be habit forming), 0.38 mg 
oxycodone terephthalate (WARNING: May be habit 
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oxycodone terephthalate (WARNING: May be habit 
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Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain. 
CONTRAINDICATIONS Hypersensitivity to oxycodone or aspirin. 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and, therefore, has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may develop upon repeated 
administration of PERCODAN and PERCODAN-Demi, and it should be 
prescribed and administered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. Like other narcotic- 
containing medications, PERCODAN and PERCODAN-Demi are subject to the 
Federal Controlled Substances Act. 


Usage in ambulatory patients Oxycodone may impair the mental and/or 
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PERCODAN and PERCODAN-Demi should be cautioned accordingly. 


Interaction with other central nervous system depressants Patients 
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to possible adverse effects on fetal development. Therefore, PERCODAN and 
PERCODAN-Demi should not be used in pregnant women unless, in the 
judgment of the physician, the potential benefits outweigh the possible 
hazards. 

in children PERCODAN should not be administered to children. 
PERCODAN-Demi, containing half the amount of oxycodone, can be 
considered. (See Dosage and Administration for PERCODAN-Demi.) 


Salicylates should be used with caution in the presence of peptic ulcer or 
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PRECAUTIONS Head injury and increased intracranial pressure The 
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intracranial pressure. Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries. 
Acute abdominal conditions The administration of PERCODAN and 
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course in patients with acute abdominal conditions. 
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Many of your ulcerative proctitis patients need the 
benefits of a steroid but cannot retain a steroid retention 
enema. They may be in the early stages of therapy; they may 
need to be ambulatory; they may have weak sphincter | control 
or an enema may trigger tenesmus. 

There is an alternative—CORTIFOAM® (hydrocortisone 
acetate 10%) Rectal Foam. With CORTIFOAM, there is no 
struggle to retain the medication. Its mucoadhesive base 
helps provide prolonged contact with the inflamed mucosa. 
Retention is assured without discomfort because there is no 
distention. It usually won't leak or stain, even in your more 
active patients. And, as one investigator noted, “This form of 
treatment is better tolerated since it does not provoke the 
tenesmus or urgency that often accompany a fluid enema." 

CORTIFOAM Rectal Foam is easily administered in 
just 30 seconds—even while standing. And CORTIFOAM is 
more economical per application than commerically available 
steroid enemas. 

So when you see a need for rectal steroid therapy 
avoid the discomfort of the all night retention enema and 
consider the comfort of CORTIFOAM. 


1. Korelitz BI: Hospital Medicine 14:8-34, March 1978. 
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(hydrocortisone acetate 1096) Rectal Foam 

Contraindications: Local contraindications to the use of intrarectal 
Steroids include obstruction, abscess. perforation, peritonitis, 

fresh intestinal anastomoses, extensive fistulas and sinus tracts 
Tuberculosis (active, latent or questionably healed), ocular herpes 
Simplex and ocute psychosis are usually considered absolute 
contraindications to the use of corticosteroids. Relative contraindi- 
cations include active peptic ulcer, acute glomerulonephritis, 
myasthenia gravis, osteoporosis, diverticulitis, thrombophlebitis, 
psychic disturbances, pregnancy, diabetes. hyperthyroidism, acute 
coronary disease, hypertension, limited cardiac reserve, and local 
or systemic infections, including fungal or exanthematous diseases 
Where these conditions exist, the expected benefits from steroid 
therapy must be weighed against the risks involved in its use 
Pregnancy is a relative contraindication to corticosteroids, 
particularly during third trimester. If corticosteroids must be 
administered in pregnancy, watch newborn infant closely for signs 
of hypoadrenalism, and administer appropriate therapy if needed 
Warning: Do not insert any part of the aerosol container into the 
anus. Contents of the container are under pressure, but not 
flammable. Do not burn or puncture the aerosol container. Store at 
room temperature — not over 120*F Because CORTIFOAM is not 
expelled, systemic hydrocortisone absorption may be greater from 
CORTIFOAM than from corticosteroid enema formulations. If there is 
no evidence of clinical or proctologic improvement within two or 
Ihree weeks after starting CORTIFOAM therapy, or if the patient's 
condition worsens. discontinue the drug 

Precautions: Stercid therapy should be administered with caution in 
patients with severe ulcerative disease because these patients are 
predisposed to perforation of the bowel wall. Where Surgery IS 
imminent, it is hazardous to wait more than a few days for a 
satisfactory response to medical treatment. General precautions 
common fo all corticosteroid therapy should be observed during 
Ireatment with CORTIFOAM. These include gradual withdrawal of 
therapy to allow for possible adrenal insufficiency and awareness to 
possible growth suppression in children. Patients should be kept 
under close observation, for, as with all drugs, rare individuals may 
react unfavorably under certain conditions. If severe reactions or 
idiosyncrasies occur, steroids should be discontinued immediately 
and appropriate measures instituted. Do not employ in immediate or 
early postoperative period following ileorectostomy 

Adverse Reactions: Corticosteroid therapy may produce side effects 
which include moon face, fluid retention, excessive appetite and 
weight gain, abnormal fat deposits, mental symptoms, hypertri- 
chosis, acne, ecchymosis, increased sweating, pigmentation, dry 
scaly skin, thinning scalp hair, thrombophlebitis, decreased 
resistance to infection, negative nitrogen balance with delayed bone 
and wound healing, menstrual disorders, neuropathy, peptic ulcer, 
decreased glucose tolerance, hypopotassemia, adrenal 
insufficiency, necrotizing angiitis, hypertension, pancreatitis and 
increased intraocular pressure. In children, suppression of growth 
may occur. Increased intercranial pressure may occur and possibly 
account for headache, insomnia and fatigue. Subcapsular cataracts 
may result from prolonged usage. Long-term use of all 
corticosteroids results in catabolic effects characterized by negative 
protein and calcium balance. Osteoporosis, spontaneous fractures 
and aseptic necrosis of the hip and humerus may occur as part of 
this catabolic phenomenon. Where hypopotassemia and the other 
symptoms associated with fluid and electrolyte imbalance call for 
potassium supplementation and salt-poor or salt-free diets, these 
may be instituted and are compatible with diet requirements for 
ulcerative proctitis 

Administration and Dosage: Usual dose is one applicatorful once 
or twice daily for two or three weeks, and every second day 
thereafter, administered rectally. The patient directions packaged 
with the applicator describes how to use the aerosol container and 
applicator. 

Satisfactory response usually occurs within five to seven days 
marked by a decrease in symptoms. Symptomatic improvement in 
ulcerative proctitis should not be used as the sole criterion for 
evaluating efficacy. Sigmoidoscopy is also recommended to judge 
dosage adjustment, duration of therapy and rate of improvement 
Directions for Use: 1) Shake foam container vigorously before use 
Hold container upright and insert into opening of the tip of the 
applicator. Be sure applicator plunger is drawn all the way out. 
Container must be held upright to obtain proper flow of medication 
2) To fill, press down slowly on container cap. When foam reaches 
fill line in the applicator, it is ready for use. Caution: The aerosol 
container should never be inserted directly into the anus. 3) Renfove 
applicator from container. Allow some foam to remain on the 
applicator tip. Hold applicator by barre! and gently insert tip into the 
anus. With applicator in place, push plunger in order to expel foam, 
then withdraw applicator. (Applicator parts should be pulled apart 
for thorough cleaning with warm water. ) 

How Supplied: CORTIFOAM is supplied in an aerosol container with 
a special rectal applicator. Each applicator delivers approximately 
900 mg. of foam containing approximately 80 mg. of hydrocorti- 
sone as 90 mg. of hydrocortisone acetate. The aerosol container 
will deliver a minimum of 14 applications 
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Vidimus 


(Polvglactin I) suture 


SNUGS DOWN 
AND HOLD 


First coated synthetic absorbable 















e Coated for smoothness e Soft—on the surgeon's 

e Allows adjustable knot hands 
tension for precise knot e Complete absorption 
placement before 90 days 

e Produces less suture drag e High in vivo tensile 
than uncoated synthetic strength 
absorbables e Coated with polyglactin 
Low tissue reaction 370 and calcium stearate 






Innovators in wound closure 
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VICRYL* 
(Polyglactin 910) Suture 


SYNTHETIC ABSORBABLE SUTURE 


Coated VICRYL* 
(Polyglactin 910) Suture 


Coated with Polyglactin 370 and Calcium Stearate 
SYNTHETIC ABSORBABLE SUTURE 


DESCRIPTION 

VICRYL (polyglactin 910) synthetic absorbable suture is prepared 
from a copolymer of glycolide and lactide. These substances are 
derived respectively from glycolic and lactic acids. The empirical 
formula of the copolymer is (C2H202)«(C43H40;5), 


Coated VICRYL synthetic absorbable suture is prepared by coating 
the VICRYL (polyglactin 910) suture material with a mixture composed 
of equal parts of a copolymer of glycolide and lactide (polyglactin 370) 
and calcium stearate 


These sutures are sterile, inert, nonantigenic, nonpyrogenic, and elicit 
only a mild tissue reaction during absorption. The braided and mono 
filament sutures are colored violet to enhance visibility in tissue. The 
braided suture is also available undyed (natural) 


VICRYL and Coated VICRYL sutures differ from USP maximum 
diameter requirements by less than 0.05mm 


ACTIONS 

Two important characteristics describe the in vivo behavior of absorb 
able sutures: first, tensile strength retention. and second. the absorp- 
tion rate (loss of mass) 


Subcutaneous tissue implantation studies of both VICRYL and Coated 
VICRYL suture in rats show at two weeks post-implantation approxt 
mately 55% of its original tensile strength remains. while at three 
weeks approximately 209% of its orginal strength is retained 


Intramuscular implantation studies in rats show that the absorp 
tion of these sutures is minimal until about the 40th post-implantation 
day. Absorption is essentially complete between the 60th and 90th days 


INDICATIONS 
VICRYL and Coated VICRYL synthetic absorbable sutures are in- 
tended for use as absorbable sutures or ligatures 


CONTRAINDICATIONS 
These sutures, being absorbable. should not be used where extended 
approximation of tissues under stress is required 


WARNINGS 

The safety and effectiveness of VICRYL (polyglactin 910) and Coated 
VICRYL sutures in neural tissue and in cardiovascular tissue have not 
been established 


Under certain circumstances. notably orthopedic procedures, immo 
bilization by external support may be employed at the discretion of 
Ihe surgeon 


Do not resterilize 


PRECAUTIONS 

The VICRYL suture knots must be properly placed to be secure. Place 
the first throw in precise position for the final knot. using a double loop 
te the second throw square. using horizontal tension, additional 
throws are advisable 


Coated VICRYL sutures, which are treated to enhance handling char- 
acteristics. require the standard surgical technique of flat and square 
ties with additional throws if indicated by surgical circumstance and 
the experience of the surgeon 


Skin and conjunctival sutures remaining in place longer than 7 days 
may Cause localized irritation and should be removed as indicated 


Acceptable surgical practice must be followed with respect to drain 
age and closure of infected wounds 


ADVERSE REACTIONS 
Reactions reported in clinical trials which may have been suture related 
have been minimal. These include skin redness and induration, rare 
instances of hemorrhage, anastomotic leakage. wound separation in 
the eye, and abscesses 


DOSAGE AND ADMINISTRATION 
Use as required per surgical procedure 


HOW SUPPLIED 

VICRYL sutures are available sterile as braided dyed (violet) strands 
in sizes 9-0 thru 3 (metric size 0.3—6) and undyed (natural) strands in 
sizes 8-0 thru 3 (metric size 0 4—6), in a variety of lengths. with or with- 
out needles. and on LIGAPAK © ligating reels. VICRYL sutures, mono- 
filament, dyed (violet) are available in sizes 10-0 (metric size 0.2) and 
9-0 (metric size 0.3). in a variety of lengths with needles 

Coated VICRYL sutures are available sterile. as braided dyed (violet) 
and undyed (natural) strands in sizes 8-0 thru 2 (metric size 0.4—5), in 
a variety of lengths. with or without needles, and on LIGAPAK ligating 
reels 

Both VICRYL and Coated VICRYL are also available in sizes 4-0 thru 1 
(metric size 1.5—4) attached to ATRALEASE CONTROL RELEASE 
removable needles 
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SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 


Edited by 
STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 
with 28 contributors 


Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians. 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts . . . a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes . . . mnemonic names for the 
syndromes . . . diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 


430 Pages / 110 Illustrations / 1978 / $34.50 
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In Canada: J. B. Lippincott Company of Canada Ltd. 
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Please send me: 
Friesen: SURGICAL ENDOCRINOLOGY .... $34.50 
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0 Payment enclosed (Save postage and handling) 
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EY Dale'Binders 








Clinically tested 





encourage — 
post-op activity 


Patients feel more confident to breathe deeply, cough to clear 
their lungs, and ambulate longer with the reassuring support of 
a Dale? Combo®Abdominal Binder. As a result, muscle redevel- 
opment proceeds normally and patients are less likely to incur 
sedentary complications such as atelectasis, pneumonia, or 
phlebitis. : 


Dale Binders don't restrict breathing. Clinical evaluation under 
medical supervision showed no adverse effects on pulmonary 
function in respiratory tests of patients who wore Dale Binders 
after abdominal surgery. In fact, two-thirds of the patients 
volunteered their preference for wearing Dale Binders com- 
pared to no support. (Complete data available on request.) 


mat Q E WY Clinically proven Dale Binders are 
.. made of professional quality stretch 
"- material, joined with a patented stitch 
that allows the binder to conform 
evenly to body contours. Exclusive 
Combo pile surface with Velcro? clo- 
T sure is large, infinitely adjustable, and 
* ws easy to open for wound inspection. 
Evaluate a Dale Binder yourself at our expense. Or order directly 
from your hospital supply dealer. 


DA 


BAKA MANUFACTURING COMPANY, INC. DEPT. A 7-11 CROSS ST. 





MEDICAL 
PRODUCTS 
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PLAINVILLE, MASS. 02762 CALL 80O-343-398O (IN MASS. 617-695-9316) «4 


U.S. Pat. No. 3,115,879 Can. Pat. No. 710,488 U.K. Pat No. 984,465 U.S. Pat. No. 3,752,163 


S | : In patients with serious bacterial infection, the 
C ecting choice of antibiotic therapy is usually made on the 
: ely ae d e basis of the effectiveness-to-risk ratio. This considera- 
an amino COSI C. tion is particularly important when an aminoglycoside 
Sa Se 9 am^ antibiotic is indicated. 
SRE tees! The activity of Nebcin® (tobramycin sulfate, Lilly) 
BU againsta wide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows “that tobramycin has significant antibacterial 


à activity and that it is the most potent of all aminogly- 
cosides against P. aeruginosa. The antibacterial 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species.” including burns 
Nebcin is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 








serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 


Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity: 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 

sis or of inflammatory processes in the kidney, such as 

rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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1. J. Infect. Dis., 134 (Supplement):S3, 1976. 

2. J]. Antimicrob. Chemother., 4 (Supplement A):23, 1978. 
3. J. Antimicrob. Chemother, 4 (Supplement A):53, 1978. 
4. Med. J. Aust., 2(Special Supplement):22, 1977. 


tobramycin/ Nebcirt 


tobramycin sulfate 


80 mg*in 2-ml ampoules 
*Equivalent to tobramycin. 


Please see following page for a brief summary of the prescribing information. 


B00730 


m 





Nebcin’ 


tobramycin sulfate 


Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially norma but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Scme 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptornyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administrat on. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudornonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacteria! susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
fo its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides — I.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q (6x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


ml/dose* 


Usual Dose for 
Serious Infections 
For Patient 
Weighing 
kg Ib 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 


5 ml 
4.75 ml 
4.5 ml 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules (Vials) Nebcin* (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multivia! cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets® (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


A A 2 Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 
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ALLPTFEGRAFTS \ 6 / 
ARE NOTALIKE... * | / 
An Alternative | 


The IMPRA super structure is completely open allowing for cellu- 
lar ingrowth across the entire graft wall. This feature minimizes 
= problems associated with wrapped PTFE grafts.! x 


IMPRA's unique one piece design provides the 
strength necessary to resist true dilitation? 
while eliminating incidents of fraying or 
unraveling of an outer wrap. 


Structure for patency... 
a logical solution to a 
complex problem. 


E ded PTFE Radial 
November 15, 1978, Ha 
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After parenteral narcotics... 





The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours.' 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 


Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence. Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeatec administration, prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
Oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy. Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Mos! frequent Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient les down. Others. euphoria, dysphoria 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with. that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription 

For information on symptoms treatment of over- 
dosage. see full prescribing information 

Full directions for use should be read before adminis- 
tering or prescribing 


* Halpern LM. Bonica JJ. Analgesics, in Modell W (ed) 





Drugs ot Choice 1978-1979. St Louis, CV Mosby, 1978 
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An oxycodone analgesic 
combination without APC 


TYLOX 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 





*Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 & McN 1980 
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Innovators in wound closure 
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Nip it inthe gut. 


Torecan can help control nausea 
and vomiting with dual action:* 

1) against circulating emetics 

(at the CTZ) 


2) against emetic sights, emotions. 


and organ insults (at the TVC) 





In using Torecan, the physician 
should consider the adverse 
reactions which are associated 
with the drug specifically and 
phenothiazines generally.** 


**Please see brief summary for detailed 


*As shown in animal studies; TVC — True 
Vomiting Center, CTZ — Chemoreceptor 


Trigger Zone. 


- lorecan 


(thiethylperazine) e V a 


adverse reactions. 





Antiemetic 


Injectable—10 mg/2ml (thiethylperazine malate, NF) for IM injection only 
Suppositories—10mg (thiethylperazine maleate, NF) 





Tablets—10 mg (thiethylperazine maleate, NF) 


Torecan* (thiethylperazine) 
Tablets, Suppositories and Injection 


Contraindications: Severe CNS depression, coma- 
tose states, and in patients who have demonstrated 
a hypersensitivity to phenothiazines (e.g., blood 
dyscrasias, jaundice). Because severe hypotension 
has been reported after the intravenous administra- 
tion of phenothiazines, this route of administration is 
contraindicated. The drug is contraindicated in 
pregnancy. 


Warnings: Phenothiazines are capable of potentiat- 
ing CNS depressants as well as atropine and phos- 
phorous insecticides. The drug may impair mental 
and/or physical ability required in the performance 
of potentially hazardous tasks such as driving a car 
or operating machinery. 

Postoperative Nausea and Vomiting: When used to 
control postoperative nausea and vomiting in 
patients undergoing elective surgical procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the tablet 
or suppository. Do not use with epinephrine in the 
treatment of drug-induced hypotension as pheno- 
thiazines may induce a reversed epinephrine effect. 
The most suitable vasoconstrictor agents are levar- 
terenol and phenylephrine. The use of Torecan has 
not been studied following intracardiac and intra- 
cranial surgery. Not recommended for use in chil- 
dren under 12 years of age, or in nursing mothers 
since safety and efficacy have not been established. 


Precautions: Convulsions and abnormal movements 
such as extrapyramidal symptoms have occurred. 


The varied extrapyramidal symptom complex is 
more likely to occur in young adults and children. 
Extrapyramidal effects must be treated by reduction 
of dosage or cessation of medication. For treatment 
of nausea and/or vomiting associated with anesthe- 
sia and surgery, the drug should be administered by 
deep intramuscular injection at or shortly before the 
termination of anesthesia. 

Torecan tablets contain FD&C Yellow No. 5 (tartra- 
zine) which may cause allergic-type reactions 
(including bronchial asthma) in certain susceptible 
individuals. Although the overall incidence of FD&C 
Yellow No. 5 (tartrazine) sensitivity in the general 
population is low, it is frequently seen in patients 
who also have aspirin hypersensitivity. 


Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever and 
restlessness have been reported. Drowsiness may 
occur initially on injection but is usually alleviated by 
a reduction in dosage. Dryness of the mouth and 
nose, blurred vision, tinnitus; sialorrhea and altered 
gustatory sensation. Peripheral edema of the arms, 
hands and face. Cholestatic jaundice; cerebral vas- 
cular spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be con- 
sidered: agranulocytosis, leukopenia, thrombocyto- 
penia, aplastic anemia, pancytopenia, eosinophilia, 
leukocytosis; miosis, obstipation, anorexia, paralytic 
ileus; erythema, exfoliative dermatitis and contact 
dermatitis; jaundice, biliary stasis. Hypotension, 
rarely leading to cardiac arrest; ECG changes. 
Akathisia, agitation, motor restlessness, dystonic 
reactions, trismus, torticollis, opisthotonos, oculo- 
gyric crises, tremor, muscular rigidity, akinesia, 


information concerning potential 





some of which have persisted for several months or 
years especially in patients of advanced age with 
brain damage. Menstrual irregularities, altered 
libido, gynecomastia, weight gain; false positive 
pregnancy tests. Urinary retention, incontinence; 
fever, laryngeal edema and angioneurotic edema, 
asthma. Hyperpyrexia, behavioral effects sugges- 
tive of a paradoxical reaction, including excitement, 
bizarre dreams, aggravation of psychoses and toxic 
confusional states. While there is no evidence that 
ECG changes are in any way precursors of any sig- 
nificant disturbance of cardiac rhythm, sudden and 
unexpected deaths apparently due to cardiac arrest 
have been reported in a few instances in hospital- 
ized psychotic patients previously showing charac- 
teristic ECG changes. A peculiar skin-eye 
syndrome, which is marked by progressive pigmen- 
tation of areas of the skin or conjunctiva and/or 
accompanied by discoloration of the exposed 
sclera and cornea, has also been recognized as a 
side effect following long-term treatment. Opacities 
of the anterior lens and cornea described as irregu- 
lar or stellate in shape have also been reported. 


Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and phos- - 
phorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion. 


For complete details, please see full prescribing 
information. 
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BACTEROIDES 
INFECTIONS CAN BE 
LIFE THREATENING. 


Sensitivity testing is always recommended prior to instituting 
therapy with Chloromycetin (chloramphenicol). However, as 
indicated in the prescribing information, in some situations it 
may be necessary to administer Chloromycetin before sensitivity 
tests have been completed. 


Bacteroides may be implicated in a number of clinical 
situations, including septic abortions, deep wounds, bacteremia, 
or metastatic or other abscesses in association with 
thromboembolic phenomena. 

The most prevalent microbial flora of man, Bacteroides are 
anaerobic, aerointolerant, nonsporeforming, nonmotile, 
gram-negative bacilli. Under normal conditions, Bacteroides are 
benign. However, in infectious situations, they can be extremely 
virulent and are often present with other organisms. Their 
presence may go undetected. 

Because Bacteroides infections are usually responsive to 
Chloromycetin (chloramphenicol) therapy, many authorities 
recommend early treatment with Chloromycetin when the clinical 
impression suggests a Bacteroides infection is present. In fact, 
such therapy may well be the conservative course because the 
benefit-to-risk ratio with Chloromycetin is very favorable. 

Chloromycetin must be used only in those serious infections 
for which less potentially dangerous drugs are ineffective or 
contraindicated. 


There is a right time for CHLOROMYCETIN® Sodium Succinate 
(chloramphenicol sodium succinate for injection, USP) 


PARKE-DAVIS 


Div of Warner-Lambert Co 
Morris Plains, NJ 07950 USA 


(c) 1980 Warner-Lambert Company 





Artist's interpretation of an inflamed, perforated colonic diverticulum adhering 
to the fundus of the uterus, viewed from within the peritoneal Cavity. Early fistula 
formation and purulent exudate are evident. 


CHLOROMYCETIN 


SODIUM. SUCONATE 


(CHLORAMPHENICOL SODIUM SUCCINATE 
FOR INJECTION, USP) 


CAN BE 
LIFE SUSTAINING. 


Please see next page for complete prescribing information. 





Prescribing Information 

Chloromycetin? Sodium Succinate 
(chloramphenicol sodium succinate for injection, 
USP) 


For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administration 
of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chlorampheni- 
col which later terminated in leukemia. Blood dyscra- 
sias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol 
must not be used when less potentially dangerous 
agents will be effective, as described in the INDICA 
TIONS section. /t must not be used in the treatment of 


trivial infections or where itis not indicated, as in colds, 
influenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. While 
blood studies eg detect early peripheral blood 

e 


changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 





IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 
FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 
STRATED TO BE INEFFECTIVE WHEN GIVEN INTRAMUS- 
CULARLY. 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously 

2. The oral form of chloramphenicol is readily absorbed and 
adequate blood levels are achieved and maintained on the 
recommended dosage 

3. Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral form as soon as 
practicable 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for, and 
should be reserved for. serious infections caused by organ- 
isms susceptible to its antimicrobial effects when less poten- 
tially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing is essential to determine its 
indicated use, but may be performed concurrently with therapy 
initiated on clinical impression that one of the indicated 
conditions exists (see INDICATIONS section). 

Each gram (10 ml of a 10% solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2 25 mEq)of 
sodium 


ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic effect 
on a wide range of gram-negative and grain-positive bacteria 
and is activein vitro against rickettsias, the lymphogranuloma- 
psittacosis group, and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is through interference or 
inhibition of protein synthesis in intact cells and in cell-free 
systems 

Chloramphenicol administered orally is absorbed rapidly 
fromthe intestinaltract In controlled studies in adult volunteers 
using the recommended dosage of 50 mg/kg/day. a dosage of 
1 g every six hours for eight doses was given. Using the 
microbiological assay method. the average peak serum level 
was 11.2 mcg/ml one hour after the first dose A cumulative 
effect gave a peak rise to 18 4 mcg/ml after the fifth dose of 1 g 
Mean serum levels ranged from 8 to 14 mcg/ml over the 48- 
hour period. Total urinary excretion of chloramphenicol in these 
studies ranged from a low of 68% to a high of 99% over a three- 
day period From 8 to 12% of the antibiotic excreted is in the 
form of free chloramphenicol. the remainder consists of 
microbiologically inactive metabolites, principally the conju- 
gate with glucuronic acid Since the glucuronide is excreted 
rapidly most chloramphenico! detected in the blood is in the 
microbiologically active free form Despite the small proportion 
of unchanged drug excreted in the urine, the concentration of 
free chloramphenicol is relatively high. amounting to several 
hundred mcg/ml ın patients receiving divided doses of 50 mg/ 
kg/day Small amounts of active drug are found in bile and 
feces Chloramphenicol diffuses rapidly, but its distribution 1s 
not uniform Highest concentrations are found in. liver and 
kidney, and lowest concentrations are found in brain and 
cerebrospinal fluid Chloramphenicol enters cerebrospinal 
fluid even in the absence of meningeal inflammation, appear- 
ing in concentrations about half of those found in the blood 
Measurable levels are also detected in pleural and in ascitic 
fluids. saliva. milk, and in the aqueous and vitrecus humors 
Transport across the placental barrier occurs with somewhat 
lower concentration in cord blood of newborn infants than in 
maternal blood 


INDICATIONS 


In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen to initiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed concurrently so that the drug 
may be discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The deci- 
sion to continue use of chloramphenicol rather than 


another antibiotic when both are suggested by in vitro 
studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy of 
the various drugs in the infection, and the important 
additional concepts contained in the WARNING box above: 


1. Acute infections caused by Salmonella typhi * 
It is not recommended for the routine treatment of the 
typhoid carrier state 
2. Serious infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Salmonella species 
b) H influenzae. specifically meningeal infections 
C) Rickettsia 
d) Lympnogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacteremia 
meningitis, or other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
strated to be resistant to all other appropriate antimicro- 
bial agents 
3. Cystic fibrosis regimens 


*Inthe treatment of typhoid fever some authorities recommend 
that chloramphenicol be administered at therapeutic levels 
for 8to 10 days after the patient has become afebrile to lessen 
the possibility of relapse 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with a 
history of previous hypersensitivity and/or toxic reaction to it H 
must not be used in the treatment of trivial infections or where il 
iS not indicated. as in colas, influenza, infections of the throat 
or as a prophylactic agent to prevent bacterial infection 

. PRECAUTIONS 

1. Baseline blood studies should be followed by periodic 
blood stud:es approximately every two days during therapy 
The drug should be discontinued upon appearance of reticulo- 
cytopenia, leukopenia. thrombocytopenia, anemia. or any 
other blood study findings attributable to chloramphenicol 
However. it should be noted that such studies do not exclude 
the possible later appearance of the irreversible type of bone 
marrow depression 

2 Repeated courses of the drug should be avoided if at all 
possible Treatment should not be continued longer than 
required to produce a cure with little or no risk of relapse of the 
disease 

3. Concurrent therapy with other drugs that may cause bone 
marrow depression should be avoided 
fs Excessive blood levels may result from administration of 
Ihe recommended dosage to patients with impaired liver or 
kidney function including that due to immature metabolic 
processes in the infant. The dosage should be adjusted 
accordingly or. preferably the blood concentration should 5e 
determined at appropriate intervals 
* 5. There are no studies to establish the safety of this drug in 
pregnancy 

6. Because chloramphenicol! readily crosses the placental 
barrier, caution in use of the drug ts particularly important 
during pregnancy at term or during labor because of potential 
toxic effects on the fetus (gray syndrome) 

7. Precaution should be used in therapy of premature and 
full-term infants to avoid “gray syndrome’ toxicity (see AD- 
VERSE REACTIONS). Serum drug levels should be carefully 
followed during therapy of the newborn infant 

8. Precaution should be used in therapy during lactation 
because of the possibility of toxic effects on the nursing infant 

9. The use of this antibiotic. as with other antibiotics. may 
resultin an overgrowth of nonsusceptible organisms. including 
fungi. If infections caused by nonsusceptible organisms 
appear during therapy. appropriate measures should De 
taken 


ADVERSE REACTIONS 

1. Blood Dyscrasias 

The most serious adverse effect of chloramphenicol is bone 
marrow deoression. Serious and fatal blood dyscrasias (aplas- 
tic anemia, hypoplastic anemia, thrombocytopenia, and gran- 
ulocytopenia) are known to occur after the administration of 
chloramphenicol. An irreversible type of marrow depression 
leading to aplastic anemia with a high rate of mortality is 
Characterized by the appearance weeks or months after 
therapy of bone marrow aplasia or hypoplasia. Peripherally, 
pancytopenia is most often observed, but in a small number of 
Cases only one or two of the three major cell types (erythro- 
cytes, leukocytes. platelets) may be depressed. A reversible 
type of bone marrow depresson, which is dose-related. may 
occur. This type of marrow depression is characterized by 
vacuolization of the erythroid cells. reduction of reticulocytes. 
and leukopenia, and responds promptly to the withdrawal of 
chloramphenicol 

An exac' determination of the risk of serious and fatal blood 
dyscrasias is not possible because of lack of accurate 
information regarding (1) the size of the population at risk. (2) 
the total number of drug-associated dyscrasias, and (3) the 
total number of non-drug-associated dyscrasias 

In a report to the California State Assembly by the California 
Medical Association and the State Department of Public Health 
in January 1967. the risk of fatal aplastic anemia was estimated 
at 1.24 200 to 1 40 500 based on two dosage levels 

There have been reports of aplastic anemia attributed to 
chloramphenicol which later terminated in leukemia 

Paroxysmal nocturnal hemoglobinuria has also been re- 
ported 
2. Gastrointestinal Reactions 

Nausea. vomiting. glossitis and stomatitis. diarrhea and 
enterocolitis may occur in low incidence 
3. Neurotoxic Reactions 

Headacne. mild depression, mental confusion, and delirium 
have beer described in patients receiving chloramphenicol 
Optic and peripheral neuritis has been reported. usually 
following long-term therapy If this occurs. the drug should be 
promptly withdrawn 
4. Hypersensitivity Reactions 

Fever, macular and vesicular rashes. angioedema urtica‘ia 
and anaphylaxis may occur Herxheimer reactions have 


occurred during therapy for typhoid fever 
5. "Gray Syndrome" 

Toxic reactions including fatalities have occurred in the 
premature and newborn; the signs and symptoms associated 
with these reactions have been referred to as the gray 
syndrome. One case of gray syndrome has been reported in an 
infant born to a mother having received chloramphenicol 
during labor. One case has been reported in a 3-month-old 
infant. The following summarizes the clinical and laboratory 
studies that have been made on these patients 

a) In most cases. therapy with chloramphenicol had been 

instituted within the first 48 hours of life 

b) Symptoms first appeared after three to four days of 

continued treatment with high doses of chloramphen:- 
col 
c) The symptoms appeared in the following order 
(1) abdominal distention with or without emesis 
(2) progressive pallid cyanosis, 
(3) vasomotor collapse, frequently accompanied by 
irregular respiration, 
(4) death within a few hours of onset of these symptoms 
d) The progression of symptoms from onset to exitus was 
accelerated with higher-dosage schedules 

e) Preliminary blood serum level studies revealed unusu- 
ally high concentrations of chloramphenicol (over 90 
mcg/ml after repeated doses) 

f) Termination. of therapy upon early evidence of the 
associated symptomatology frequently reversed the 
process with complete recovery 


ADMINISTRATION 


Chloramphenicol. like other potent drugs. should be pre- 
scribed at recommended dosages known to have therapeutic 
activity Administration of 50 mg/kg/day in divided doses will 
produce blood levels of the magnitude to which the majority of 
susceptible microorganisms will respond 

As soonas feasible an oral dosage form of chloramphen- 
icol should be substituted for the intravenous form be- 
cause adequate blood levels are achieved with 
chloramphenicol by mouth. 

The following method of administration is recommended 

Intravenously as a 10% (100 mg/ml) solution to be injected 
Over at least a one-minute interval This is prepared by the 
addition of 10 ml of an aqueous diluent, such as water for 
injection or 5% dextrose injection 


DOSAGE 

Adults 

Adults should receive 50 mg/kg/day in divided doses at six- 
hour intervals. In exceptional cases, patients with infections 
due to moderately resistant organisms may require increased 
dosage upto 100 mg/kg/day to achieve blood levels inhibiting 
the pathogen, but these high dosages should be decreased as 
soon as possible. Adults with impairment of hepatic or renal 
function or both may have reduced ability to metabolize and 
excrete the drug. In instances of impaired metabolic pro- 
cesses. dosages should be adjusted accordingly (See dis- 
cussion under Newborn Infants.) Precise control of 
concentration of the drug in the blood should be carefully 
followed in patients with impaired metabolic processes by the 
available microtechniques (information available on request) 
Children 

Dosage of 50 mg/kg/day divided into tour doses at six-hour 
intervals yields blood levels in the range effective against most 
susceptible organisms. Severe infections (eg. bacteremia or 
meningitis). especially when adequate cerebrospinal fluid 
concentrations are desired. may require dosage up to 100 mg 
kg/day. however it ıs recommended that dosage be reduced 
to 50 mg/kg/day as soon as possible. Children with impaired 
liver or kidney functions may retain excessive amounts of the 
drug 


Newborn Infants 
(See section titled "Gray Syndrome" under ADVERSE RE- 
ACTIONS.) 

A total of 25 mg/kg/day in 4 equa! doses at 6-hour intervals 
usually produces and maintains concentrations in blood and 
tissues adequate to control most infections for which the drug 
IS indicated increased dosage in these individuals de- 
manded by severe infections, should be given only to maintain 
the blood concentration within a therapeutically effective 
range After the first two weeks of life. full-term infants ordinarily 
may receive up toa total of 50 mg/kg/day equally divided into 4 
doses at6-hour intervals These dosage recommendations are 
extremely important because blood concentration in all pre- 
mature infants and full-terminfants under 2 weeks of age differs 
from that of other infants. This difference is due to variations in 
the maturity of the metabolic functions of the liver and the 
kidneys 

When these functions are immature (or seriously impaired in 
adults) high concentrations of the drug are found which tend to 
increase with succeeding doses 
Infants and Children with Immature Metabolic Processes 

In young infants and other children in whom immature 
metabolic functions are suspected. a dosage of 25 mg/kg/day 
will usually produce therapeutic concentrations of the drug in 
the blood In this group particularly the concentration of the 
drug in the blood should be carefully followed by microtech- 
niques (Information available on request ) 


HOW SUPPLIED 


N 0071-4057-03[06] (Steri-Vial* No 57) 

Chloromycetin Sodium Succinate (chloramphenicol sodium 
succinate for injection, USP) is freeze-dried in the vial and 
supplied in steri-vials (rubber-diaphragm-capped vials) 
When reconstituted as directed, each vial contains a sterile 
solution equivalent to 100 mg of chloramphenicol per milliliter 
(1 g/10 ml) Available in packages of 10 vials 

Chloromycetin, brand of chloramphenicol. Reg US Pat Off 
PD-JA-0252-1-P (4-80) YE 
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The SNYDER HEMOVAC* family 
of wound drainage devices now 
offers the convenience of in-palm 
activation, with the addition of the 
MINI-SNYDER HEMOVAC: For 
consistent negative pressure over the 
entire filling range, it is the 100 ml 
evacuator with a “memory. 


Graduated, translucent sidewalls 
allow drainage volume to be quickly 
examined and measured. For safety, 
an anti-reflux valve prevents the 
possible reverse flow of serosan- 
guineous fluid. 


The inherent properties of SNYDER* 
flat and round silicone tubing make it 
easily placed for maximum drainage 
and minimal trauma. A unique fric- 
tion fit holds the needle: and silicone 
tubing firmly together while the drain 
is pulled through the stab wound. 


*"SNYDER;" SNYDER HEMOVAC™ 
(Wound Drainage Devices) and 
MINI-SNYDER HEMOVAC™ (Wound 
Drainage Devices) are trademarks 
of Zimmer USA, Inc. 


£(.S. Patent Pending 
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Our silicone tubing, when combined 
with the MINI-SNYDER HEMOVAC, 
provides effective, reliable wound 
drainage. 


Double, sterile packaging offers 
convenience and safety in the opera- 
ting room, and our wide selection 

of evacuator/tubing kits provides 
simplified, single-number ordering. 


We respect the confidence and trust 
you have shown in the SNYDER 
HEMOVAC family of products and 
believe the MINI-SNYDER 
HEMOVAC is one more reason 

we are the leader in wound drainage 
devices. 


ZIMMER USA 


Warsaw, Indiana 46580 


ZIMMER*USA*INTERNATIONAL 


Paris, Frankfurt, Brussels, Toronto, 
Tokyo, Sydney, Auckland, Sao Paulo 


WOUND 
DRAINAGE DEVICES 





WHYDOA 

SIGMOIDOSCOPY 
AND MISS HALF 
THESIGMOID? 


The Olympus TCF-1S flexible sigmoidoscope lets you see what you've been missing. 











Up to 7096 of colorectal disease occurs in 
the sigmoid, frequently beyond the reach 
of the rigid sigmoidoscope. ? In fact, a 
study conducted at the Department of 
Gastroenterology at the University of Ore- 
gon revealed that nearly one half (44%) of 
polyps detected in the sigmoid were loca- 
ted above the 20-cm mark. 
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Rigid sigmoidoscope (left) has limited reach and maneuverability and narrow view field. 
Flexible TCF-1S (right) can easily be maneuvered in the sigmoid and has wide-angle optics 


Study shows that the Olympus TCF-1S identified 4/2 times 
as many polyps as the rigid si sigmoidoscope. 


e [he average Olympus TCF-1S procedure allows you to 
examine nearly three times more of the lower bowel than 
rigid sigmoidoscopy. 

e On the same patient group, the TCF-1S detected 

36 polyps as compared to eight identified with the 
rigid scope.’ 

e Preparation time for both rigid and flexible 
Sigmoidoscopy is the same; a simple water or 
disposable enema is sufficient. Patient position 
(knee-chest) is the same for both 

procedures. 

e Average examination time with the 

Olympus TCF-1S is only a few minutes 

ionger than rigid sigmoidoscopy, even 

though the TCF-1S is inserted nearly 

three times further into the bowel. 

e More patients preferred the Olympus 

TCF-1S to the rigid sigmoidoscope 

after being examined with both.' 


‘SEE FOR YOURSELF. 


Rigid 
sigmoidoscope 
Average distance advanced 20.4cm 


Number of neoplastic 8 
lesions detected 


Preparation required 
Examination position 
Average examination time 
Patient preference 


"2496 had noo 


Adapted from Katon RM, etal 


Olympus 
TCF-1S 
595 cm 
36 


simple enema 
knee-chest 
5.9 min 

3396" 


knee-chest 
9.4 min 
4396* 


Distance from 
anal verge (cm) 


Number of polyps identified 
Rigid Olympus 
sigmoidoscope TCF-1S _ 

0-10 3 
11-15 R3 
16-20 
21-25 
26-35 
36-60 
Total | 


from Katon RM. et al 


In an additional study comparing flexible and 
rigid sigmoidoscopy in 1,012 patients, diagnostic 
yleld of the flexible scope was 3.2 times that of 
the rigid ^ 


THE CHOICE IS CLEAR. 


Unique design makes the Olympus TCF-1S the 
instrument of choice for thorough, accurate 
examination of the rectum and sigmoid. Its extra- 
large suction/biopsy channel, 5mm in diameter, 
allows you to suction mucus and even small 
amounts of stool while simultaneously performing 
biopsies. 

The TCF-1S is simple to operate, with easy one- 
hand control for smooth insertion and maneuver- 
ability. Its distal tip bends four ways through a 
210° range, making every colorectal site readily 
visible and accessible. 


Olympus didn't become No. 1 in fiber endoscopy 
without having the finest optics. A precisely 
aligned fiber bundle allows the TCF-1S to deliver 
the clearest, brightest images possible. And as 
with every Olympus fiberscope, the TCF-1S is 
backed by the most extensive service organiza- 
tion of its kind in the United States. 


Isnt it time you looked into Olympus? 


Reference: 
1. Katon RM, et al.: Gastroenteri logy 72:644-649, 1977 2. Bolt RJ: Cancer 8 121-12: 
1971.3. Axtell LM, Chiazze L Jr: Cancer 19 750-754, 1966. 4. Marks G. et al Evaluation 
of Comparative Effe lexible F Sigmoidoscopy in the Set 
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l'D LIKETO SEE FOR MYSELF. 


|] Have my Olympus Representative contact 
me for a TCF-1S demonstration. 


L] Send me additional literature on the Olympus 
TCF-1S. 


Name 





Institution 





Address 
City 





otate Zip 


Telephone (__) 


Medical specialty 


Olympus Corporation of America 
Medical Instrument Division 

4 Nevada Drive 

New Hyde Park, New York 11042 


1 = 
(516) 488-3880 AS ani 


"Nutritional benefits are realized early when 

Ihe needs are greatest. Although the present study 
did not compare intrajejunal feeding with total 
parenteral nutrition, the nutritional benefits appear 
to be equal or better, and almost all the hazards 

of total parenteral nutrition are avoided." 


—Hoover, HC Jr, Ryan, JA, Anderson, EJ, and Fischer, JE: 
Nutritional benefits of immediate postoperative jejunal 
feeding of an elemental diet. Am J Surg 139:153 (Jan) 1980. 





Xou can start| 
feeding in ES 
therecoveryroomby — . 
the enteral route... 
the preferred route... 


with Vivonex HN 


li avoids sepsis 





m less than half the cost of parenteral hyperalimentation 


m flows continuously thru #5 French naso-enteric 
or 16-gauge jejunostomy tube 


m unique high nitrogen formula absorbed with minimal digestion 


Ld 
: The only elemental 
|| V Onex high nitrogen diet for complete 
postoperative nutrition 


*One of four new technics presented in a film series on earlier postoperative feeding by five Norwich-Eaton ; j 
eminent surgeons. To view these films, contact your Norwich-Eaton Representative or write PHARMACEUTICALS 
directly to Norwich-Eaton Pharmaceuticals, Norwich, NY 13815. 





Norwich, New York 13815 


Data on ingredients and nutrient content available on request. Division of MortonNorwich Products, Inc. 
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Is Amputation Necessary for Sarcomas? 


A Seven-Year Experience with Limb Salvage 


FREDERICK R. EILBER, M.D., JOSEPH J. MIRRA, M.D., TODD T. GRANT, M.D., THOMAS WEISENBURGER, M.D., 


The rationale for amputation for local tumor control of skeletal 
and soft tissue sarcomas was based on results obtained from surgical 
therapy alone. However, our previous results from a pilot trial 
of multimodality therapy of preoperative chemotherapy and 
radiation therapy followed by surgical resection indicated that 
limb salvage (without amputation) could be accomplished in 
most patients with little morbidity and low recurrence rate. 
This report summarizes our experience in a prospective trial 
from January 1972 to December 1979. A total of 105 consecu- 
tive patients with soft tissue sarcomas (65 patients) or bone sar- 
comas (40 patients) were treated with preoperative intra- 
arterial adriamycin, 3500 rads of rapid-fraction radiation and 
radical en bloc resection of primary tumor. Diseased bones 
were replaced with cadaver allografts (22 patients), metallic 
endoprostheses (10 patients) autologous bone (2 patients), or no 
replacement (ilium or fibula —4 patients). Salvage of a viable, 
neurologically intact, functional extremity was achieved in 
98/105 patients (98%); 97% of limb salvage patients were free 
of local recurrence after a median follow-up period of 28 
months. Major complication rate that required amputation was 
3/105 patients (2%). Postoperative adjuvant chemotherapy 
with cyclical adriamycin and high-dose methotrexate was 
employed for all patients with osteosarcoma and 35 patients 
with grade III soft tissue sarcomas. The overall disease-free rate 
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is 50% (18/35) for osteosarcomas and 65% (42/65) for soft tissue 
sarcomas. These results indicate that local tumor control can be 
achieved in 91% of patients without amputation. Their func- 
tional capabilities are excellent with a low complication rate. 
Since the advent of adriamycin and methotrexate has sig- 
nificantly improved the overall survival for patients with 
skeletal and soft (issue sarcomas, the quality of this survival 
has become even more important. Preoperative multimodality 
therapy is a major advance in this direction and since results of 
limb salvage procedures appear to be equal or superior to those 
achieved by amputation we believe these alternatives should be 
offered to all patients. 


MPUTATION TO ACHIEVE local tumor control of 
A skeletal and soft tissue sarcomas was based on 
clinical experience using surgery as the primary 
treatment modality. Nonamputative surgical pro- 
cedures such as local excision or even the wider en 
bloc resection resulted in an unacceptable 60-90% 
incidence of local tumor recurrence.! Extending the 
operative field to amputation of the extremity one joint 
above the tumor was adopted and reduced the in- 
cidence of local recurrence to 5-2546.?:!* Within the 
past ten years, it has become clear from several studies 
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TABLE 1. Histologic Findings, Grade, Clinical Stage 
of Skeletal Sarcomas 


Number 
of Patients Per Cent 

Histologic Finding 

osteosarcoma 36 90 

chondrosarcoma 2 5 

other 2 5 
Grade 

I 0 0 

I 0 0 

Ill 40 100 
Stage 

I 36 90 

I 0 0 

IH 4 10 


that pre- or postoperative radiotherapy is highly effec- 
tive for reducing the high recurrence rate in patients 
who had less than amputative surgery.'* Previous re- 
sults from a pilot study of preoperative multimodality 
therapy with chemotherapy and radiation followed by 
local surgical resection indicated that local tumor con- 
trol and limb salvage could be accomplished without 
amputation in most patients with little morbidity and an 
even lower local recurrence rate.? In this paper, we 
summarize our experience with preoperative multi- 
modality therapy in a prospective consecutive series 
of patients with extremity skeletal and soft tissue 
sarcoma. 


Patients and Methods 


A total of 105 consecutive patients with soft tis- 
sue (65 patients), or skeletal sarcomas (40 patients) 
were evaluated by the Division of Surgical Oncology 
from January 1972 to December 1979. During this same 


TABLE 2. Histology of Soft Tissue Sarcomas 


Number 


Histologic Finding of Patients Per Cent 


N 
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Liposarcoma 
Rhabdomyosarcoma 
Synovial cell 
Malignant fibrous histiocytoma 
Undifferentiated 
Fibrosarcoma 
Neurofibrosarcoma 
Leiomyosarcoma 
Ewing's sarcoma 
Extraosseous | Osteosarcoma 
Chondrosarcoma 
Epithelioid sarcoma 
Lymphangiosarcoma 


ON 
A 


100 
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TABLE 3. Grade and Clinical Stage of Soft Tissue Sarcomas 


Number 
of Patients Per Cent 

Pathologic Grade 

I l 2 

II 12 18 

Ill 52 80 
Clinical Stage 

I 51 78 

II 12 18 

Ill 2 3 


time interval, 21 patients who had primary amputations 
for osteosarcoma were also evaluated. All patients had 
a complete history recorded and had physical examina- 
tion, chest x-ray, whole lung tomography and slide 
review of biopsy specimens by one of the authors. 
Clinical stage at presentation was then established: 
Stage I (tumor confined to local site), Stage II (locally 
recurrent disease), and Stage III (evidence of distant 
metastases). 

Patients with soft tissue sarcomas were staged ac- 
cording to the American Joint Committee on Staging 
End Results Classification System and their tumors 
were graded Grade I, II or III based on the number of 
mitoses per high-powered field.'* Estimates of tumor 
cell necrosis were made by comparing and viewing 
10-20 sections of the tumor in at least ten high- 
powered fields.? Analyses of tumor cell necrosis were 
done without prior knowledge of therapy or diagnosis. 

The histopathology of the tumors is given in Table 1. 
Of the 40 patients with skeletal sarcomas, 36 patients 
had intramedullary osteosarcomas, two patients had 
poorly differentiated chondrosarcomas, one patient 
had Ewing’s sarcoma, and one had a malignant giant 
cell tumor. All 40 patients with skeletal sarcomas had 
Grade III tumors; 36 were clinical Stage I and 4/40 
(10%) had pulmonary metastases at the time of primary 
therapy. 

The histologic types of soft tissue sarcomas are given 
in Table 2. Twenty-eight per cent of the sarcomas 
were pleomorphic liposarcomas and 9-12% were 
rhabdomyosarcomas. synovial cell, malignant fibrous 
histiocytomas or undifferentiated tumors. Fifty-two of 
the 65 patients with soft tissue sarcoma were pathologic 
Grade III (Table 3). Twelve patients were pathologic 
Grade II and eight of these 12 also had locally recur- 
rent disease (Stage II). Only one patient had a low- 
grade tumor. Of the soft tissue sarcomas, 75% were 
clinical Stage I, 22% were clinical Stage II and 6% were 
Stage III, metastatic disease. 

These 105 consecutive patients were treated with 
preoperative intra-arterial Adriamycin delivered by an 
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intra-arterial catheter (percutaneous placement by the 
Seldinger technique). The catheter tip was positioned 
within a large diameter vessel nearest the primary 
tumor. Most catheters were placed in the superficial 
femoral or axillary artery and drug was infused. Posi- 
tion of the catheter and distribution of flow to the tumor 
was confirmed and was visualized daily by infusion of 
fluorescein dye and a Wood's lamp. Adriamycin (30 
mg dissolved in 500 ml of saline) was delivered by 
constant infusion (IVAC pump) into the catheter over 
24 hours for each of three consecutive days. 

Radiotherapy from a 6 MEV linear acceleration was 
started the day following completion of chemotherapy. 
Thirty-five hundred rads were delivered to the mid- 
tumor plane in ten equal fractions of 350 rads over 
12-14 calendar days. Radiation portals were PA and 
AP parallel opposed fields and both fields were treated 
daily. Radiation was delivered to the entire extremity 
except for a strip of skin opposite the site of the pri- 
mary biopsy. 

Surgical procedures were performed between one 
and ten days following the radiation therapy. Pa- 
tients with soft tissue sarcoma had wide local excisions 
of the tumor and where tumor was clearly in a muscle 
group, the muscle group was removed from origin to 
insertion. When tumor was not in a muscle group, i.e. 
subcutaneous tissue, a minimum 6 cm margin of un- 
involved tissue in all dimensions was achieved and the 
excision was performed through uninvolved tissue 
planes. If the tumors were in proximity to a major 
artery or nerve, dissection was performed in the sub- 
adventitial or perineural plane and pathologic con- 
firmation of tumor-free margins was obtained in every 
instance. 

In patients with skeletal sarcoma, similar dissection 
of soft tissue margins was performed and bone resec- 
tion was done 10 cm proximal to any scan or radio- 
graphic evidence of bone involvement. Transmedullary 
amputations were done in 99% of the patients with 
histologic confirmation of tumor-free proximal mar- 
row. Replacement of these large bony segments was 
accomplished with cadaver allografts obtained from the 
Bethesda Tissue Bank, National Naval Research 
Center, Bethesda, Maryland, in 22 patients. Metallic 
endoprostheses were used in 12 patients. No bone 
replacement was necessary in four patients where 
small segments of nonweight-bearing bone were 
removed, and in two patients autogenous bone was 
used for knee fusion with Sampson intramedul- 
lary rods. 

All patients were treated postoperatively with eleva- 
tion and elastic bandage support. In the soft tissue 
Sarcoma group, patients were fitted with a compression 
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stocking immediately after removal of their sutures 
before any ambulation. In the skeletal sarcoma group, 
casts were then applied for five to six weeks following 
the surgical procedure, after which time patients were 
fitted for a knee or elbow brace. 

All patients with skeletal sarcoma and 30 patients 
with Grade III soft tissue sarcomas received postopera- 
tive adjuvant chemotherapy of 45 mg/M? of Adriamycin 
administered intravenously over two consecutive days. 
Two weeks later, each patient received vincristine, 
high-dose methotrexate and citrovorum (vincristine sulfate 
1.5 mg/M* one hour preceding a four-hour intravenous 
infusion of methotrexate at a dose of 200 mg/kg body 
weight, followed four hours later by citrovorum rescue, 
12 mg/M?’/6 hours for 36 hours). Chemotherapy was 
given once every two weeks until the maximum dose 
of Adriamycin, 500 mg/M? was reached. Thereafter, 
patients were treated once per month with high-dose 
methotrexate for a total treatment time of one year. 
Patients were followed by physical examination, CBC 
and chest x-ray once a month for the first year. Whole 
lung tomography was performed once every three 
months during the first year. In the second year, pa- 
tients were examined every three months, the third 
year, once every four months, and a minimum of once 
every four months for the duration of the study. 

During this same time interval 21 patients who had 
amputation for primary osteosarcoma of the extremity 
received the identical adjuvant chemotherapy. These 
patients were treated by amputation because: 

1) Six patients were less than 12 years of age; 2) 
Seven patients had amputation elsewhere and were re- 
ferred for the adjuvant chemotherapy; 3) Four patients 
refused limb salvage; 4) Two patients presented with 
infected biopsy sites, and 5) One patient had primary 
amputation performed because of a massive local 
tumor. The male-female ratio, age range and length of 
follow-up period of patients in various categories is 
given in Table 4. 


Results 


From previous experience, it has been established 
that the amount of tumor cell necrosis in biopsy and 
nonpretreated sarcoma specimens is usually between 
S—12%.° The amount of necrosis observed in the pre- 
operatively treated specimens in both the skeletal and 
soft tissue sarcoma groups is given in Table 5. As can 
be seen, 80% of the resected pretreated osteosar- 
coma specimens had greater than 75% tumor cell 
necrosis, whereas in the other tumors, i.e., chondro- 
sarcoma and giant cell sarcomas, necrosis was less than 
25%. In patients with soft tissue sarcomas, the higher 
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TABLE 4. Age, Sex and Duration of Follow-up 








Age Follow-up* 
Number 
of Patients Male Female Range Median Number Range Median 

Skeletal 

Amputation 21 15 6 (3-56) 28.0 13 (8—68) 22.0 

Limb salvage 40 25 15 (9—57) 17.0 25 (3-54) 24.0 
Soft tissue 

Limb salvage 65 37 28 (16-90) 49.0 49 (6-67) 20.0 


* In months of living patients. 


grade tumors (Grade III), had more histologic evidence 
of pretreatment damage effect and 58% had greater than 
7596 necrosis, compared to only 2546 in the Grade II 
tumors. The amount of tumor cell necrosis did not cor- 
relate to the histogenic type of tumor. 

During the period of follow-up, which ranged from 
3-67 months, one of the 40 patients (2%) had local 
recurrence in the skeletal sarcoma group and two pa- 
tients had local recurrence in the soft tissue group 
(396) (Table 6). Thus, in our series there was a total 
of 3/105 patients or a 3% incidence of local recurrence. 
Ultimately, four patients in the soft tissue sarcoma 
group had to undergo primary amputative surgery be- 
cause it was not possible to locally clear tumor with- 
out amputation. 


Complications of Therapy 


The complications of therapy are given in Table 7. In 
the skeletal sarcoma group, 11/22 (50%) patients with 
cadaver allografts had significant complications that 
included fracture and/or loosening of the intramedul- 
lary fixation that required replacement or fixation. 
Wound necrosis, lymphedema, or vascular damage 
related to intra-arterial drug administration occurred in 
seven patients. In the soft tissue sarcoma group, there 
was a 10% incidence of persistent lymphedema that 
required a compression stocking, a 13% incidence of 
wound necrosis which was clearly related to inex- 


TABLE 5. Extent of Histologic Necrosis in Resected Specimens 


Skeletal Soft Tissue 
(40 Patients) (65 Patients) 
Per Cent ——————— 
Necrosis Osteo (Other)  Gradel N III Total 
No tumor 4 14 18/105 (17%) 
0-25 l 3 t.3 7 15/87 (17%) 
25-50 3 l 3 7/87 (8%) 
50-75 3 2 6 11/87 (1396) 
75-90 9 l 2 12/87 (14%) 
90— 100 20 2 20 42/87 (4896) 


perience with reapproximating wound edges damaged 
by preoperative chemo- and radiation therapy. All eight 
of these complications occurred within the first two 
years of this study and since that time a wider excision 
of wound edges and more consistent use of local 
myocutaneous and pedicle flaps have eliminated this 
complication. Four of the 61 limb salvage patients de- 
veloped fracture of an adjacent long bone, one humerus 
and three femora, that required operation and internal 
fixation. None of these patients have had biopsy 
evidence of recurrent tumor. All fractures occurred 
more than 24 months after primary therapy. 

Four patients of the 105 required amputations as a 
result of complications (4%). As mentioned, there were 
four primary amputations, making a total of eight of 
105 patients (877) in this series, whereas the total 
number of limbs salvaged was 97 of 105 patients (92%). 
The functional capability of the latter group of pa- 
tients is excellent. All have a viable, neurologically 
intact extremity. Major limitation in the skeletal sar- 
coma group is motion at the knee and/or shoulder, 
requiring a brace or external fixation. 

Life table analysis of overall survival for the skeletal 
sarcoma patients is given in Figure 1. Of the 40 patients 
who were treated with limb salvage at a median follow- 
up of 25 months, the life table analysis predicts an over- 
all five-year survival rate of 55%. This prediction is 
compared to the 45% overall survival rate for patients 
with skeletal sarcoma who were treated by primary 
amputation and identical adjuvant therapy. These two 


TABLE 6. Local Recurrences 


Number Time to Recur 
of Patients Mos. postop Per Cent Historic 
Skeletal l 16.0 2% 5%* 
Soft tissue 2 18.0—24.0 3% 15-40% 
Total 3/1085 3% 


* Amputation. 
* Amputation 30%, wide excision, 70%. 
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curves are not statistically different and, therefore, 
it appears that there is no decreased survival for pa- 
tients who had limb salvage. 

Similar analysis of the overall survival rate for pa- 
tients with soft tissue sarcomas is given in Figure 2. 
Of the total of 65 patients treated by preoperative 
intra-arterial Adriamycin and radiation therapy, the 
overall projected survival rate at 60 months (5 years) 
is 75%. The median follow-up period in this group 
of patients is 22 months. Separate analyses of the 43 
patients with Stage I, Grade III soft tissue sarcomas 
show an overall five-year projected survival rate of 68% 
at a median follow-up period of 19 months. These 
figures are directly comparable to the results obtained 
by the American Joint Committee on Staging End Re- 
sults analysis of the Stage I, Grade III tumors— 211 
patients all treated by surgery alone with a projected 
five-year survival rate of 21%.!? 


Discussion 


The established practice of amputation for highly 
malignant skeletal and soft tissue sarcomas was 
based on the poor results of attempts at local tumor 
removal and preservation of the affected extremity. 
Because the early efforts at local resection resulted 
in an unacceptable 60-90% incidence of local tumor 
recurrence, further attempts at limb salvage were 
largely abandoned. The reasons for this very high local 
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TABLE 7. Complications of Therapy 


Skeletal (40 Patients) Soft Tissue (65 Patients) 


Allograft 11/22 (50) Fracture bone 4/61 (6) 
l- A-drug 1/40 (2) 0/65 (0) 
Wound necrosis 5/40 (12) 8/61 (13) 
Lymphedema 1/40 (2) 6/61 (10) 


Numbers in parentheses indicate per cent. 


failure are most likely related to microscopic exten- 
sion of tumor beyond the excision field. Even with 
amputative surgery for proximally placed lesions, the 
local recurrence rate varies between 5—25906.?5-8.10.13 
Furthermore, it is clear from the literature that the 
patients who develop local recurrence of high-grade 
sarcomas have an extremely poor survival rate.'? 

Clinical trials of radiation therapy as a primary 
treatment for skeletal and soft tissue sarcomas were 
also disappointing, as less than 5% obtained local tumor 
control. However, recent studies indicate that in pa- 
tients treated with nonamputative excision of all gross 
tumor and postoperative radiation therapy, the ex- 
pected local recurrence rate of 30—5046 was reduced to 
approximately 1796.5? 

When more effective chemotherapeutic agents be- 
came available,'® we designed this trial to integrate the 
currently available methods for treatment of these 
tumors. Previous studies indicated that the probable 
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All Soft Tissue N=65 
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Stage I (N=43) Fic. 2. Life table analysis of over- 
all survival for soft tissue sarcoma 
patients comparing our series to 
the series of American Joint Com- 
mittee on Staging End Results. 
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Grade III 
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reason for local recurrence was the microscopic ex- 
tension of disease at the periphery of the tumor which 
was beyond the excision field. Thus, it seemed logical 
to use preoperative therapy before contamination of 
tissue planes by any surgery. We chose Adriamycin 
because of its high response rate in these tumors and 
also because of its known potential to sensitize the 
tissues to subsequent radiation therapy. Finally, radia- 
tion of a tumor with an intact blood supply before 
surgical excision could possibly improve the radiation 
effect at the tumor margins and therefore, improve the 
overall local recurrence rate. 

Our results indicate that the protocol was success- 
ful because the local recurrence rate for both groups 
of patients is less than 3%. Furthermore, histologic 
examination of the resected specimens showed that in 
a large percentage of tumors, a significant amount 
of necrosis took place during relatively brief exposure 
to the combination of preoperative chemo- and radia- 
tion therapy. Whether this tumor cell necrosis ade- 
quately reflects the biologic events in the entire tumor 
or predicts the chance for local recurrence is not clear. 
At the present time, all that can be said is that this 
dramatic effect on microscopic anatomy is not ob- 
served with either intra-arterial Adriamycin or radia- 
tion therapy, alone. 

A viable, neurologically intact extremity has been 
preserved in all these patients, and although the overall 
complication rate is 20% with this limb salvage pro- 


cedure, the number of serious complications that ul- 
timately required amputation was only 3%. 

It appears from results from skeletal sarcoma groups 
who had amputation but were treated with identical ad- 
juvant chemotherapy, that overall survival for patients 
who had limb salvage was not affected adversely. It is 
clear that the complication rate associated with cadaver 
allografts is extremely high and may obviate their use in 
weight-bearing extremities. However, since the ma- 
jority of allograft complications occur within the first 
two years of therapy and since more than 70% of 
these patients will be alive in two years, it is clear that 
better, longer lasting bone replacements need to be 
developed.?**!'!» The metallic endoprosthesis and 
total joint replacement may fulfill this need. 


Summary 


The results of this trial indicate that local tumor con- 
trol can be achieved in 91% of patients with skeletal 
and soft tissue sarcomas without amputation. Their 
functional capabilities are excellent and the complica- 
tion rate from multimodality therapy can be kept below 
10%. Since the advent of Adriamycin and high-dose 
Methotrexate has significantly improved the overall 
survival rate for patients with skeletal sarcoma, and 
radiation has significantly improved the local control 
rate for soft tissue sarcomas, the quality of this im- 
proved survival is clearly an important factor. Pre- 
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operative multimodality therapy appears to be a major 
advancement in this direction. The results of these 
limb salvage procedures appear to be equal or superior 
to those achieved by primary amputation and we be- 
lieve that this alternative method of therapy should 
be considered for patients with these tumors. It is also 
clear that limb salvage cannot be achieved in all pa- 
tients and amputation is still required in some in- 
stances. The objective of primary tumor treatment is to 
achieve local tumor control, rather than limb salvage. 
Preservation of a limb that has locally recurrent tumor 
is clearly not of benefit to the patient, either in quantity 
or quality of life. However, we are encouraged by the 
low incidence of local tumor recurrence and the high 
functional results achieved by this multimodality 
therapy. 
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tion, compatible with preservation of the limbs and their function, 
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Joint Commission published data, as you saw on that slide, and our 
curve is almost identical to the authors' treatment curves. 

We have now entered into a prospective, randomized trial with 
our colleagues at Massachusetts General Hospital, in an attempt 
to identify the role of postoperatively administered Adriamycin in 
this setting of more standardized primary therapy. Since the use of 
Adriamycin is certainly not without its risks, and its prophylactic use 
eliminates the opportunity to give it later in the patient's course, 
this is a question which we feel is definitely worth asking. 

While I enthusiastically endorse the authors’ concepts about limb 
preservation, I think there are still some real questions about multi- 
modality treatment sequencing and the role of adjuvant chemo- 
therapy that must still be answered before we can select the most 
effective treatment for the patient with soft-tissue sarcoma. 

Was there a difference in recurrence or survival rate for patients 
who did not have freedom from histologic residual tumor, compared 
with those who did. Biologically, we do not know whether preopera- 
tive destruction of tumor really is the important procedure. 


DR. EDWARD T. KREMENTZ (New Orleans, Louisiana): Our ex- 
perience with regional chemotherapy by perfusion of sarcomas, I 
think, is pertinent to this discussion. (slide) This slide represents 
our results for 73 patients with a variety of sarcomas of the ex- 
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tremities, 49 with localized disease and 24 with regionally recurrent 
disease. The cumulative survival rate was 53% at 15 years. Only six 
amputations were performed in this group, and these were confined to 
patients with skeletal sarcomas. 

At the time many of these operations were done, all of the Stage II 
tumors would have been treated by amputation, as would many of 
the Stage I tumors. These patients were treated with phenylalanine 
mustard or combinations with actinomycin D and nitrogen mustard. 
Adriamycin, which is admittedly the best drug for this type of tumor, 
was not available for most of this period. Adriamycin with perfusion 
is not useful, as the heparin in the perfusion technique precipitates 
the Adriamycin. 

The bony tumors were not benefited by the perfusion techniques 
and wide excision. However, at the present time we are treating 
more and more patients, particularly with the pelvic and shoulder 
girdle sarcomas, by intra-arterial infusion with Adriamycin. We use 
smaller doses over a longer period of time, follow this by systemic 
therapy and, if the response is not adequate, follow this with radia- 
tion therapy. 

When tumor regression has achieved its maximum, we are usually 
able to do a wide local excision. 

We currently have two patients, treated in the last year and a half, 
who ordinarily would have undergone hind-quarter amputation. 
Both, after infusion therapy and wide excision, are walking and 
have good function. 

I think the largest problem in sarcoma is late metastases; we still 
lose 40-50% of patients with systemic metastases. I noticed that 
the authors are using adjuvant chemotherapy. I wonder if they have 
any ideas about the place of this in salvage. 


DR. FREDERICK R. EILBER (Closing discussion): I certainly agree 
that there is a difference of opinion on whether one gives preopera- 
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tive or postoperative therapy to these patients. I think probably 
there is good evidence that either one works. I believe the principle 
is the utilization of several different treatment methods, rather than 
operation alone or chemotherapy alone or radiation alone. There 
are many different ways to go about that. 

Dr. Wilson, I did not exactly understand your question. The pa- 
tients that did have a local recurrence have done extremely poorly, 
and for the patients who had locally recurrent disease before treat- 
ment, the overall salvage rate is much poorer than for the patients 
who never had a local recurrence. 

I do not know what the necessity of the adjuvant treatment of 
these patients is. It is open to question, and is a truly burning ques- 
tion, for all the reasons mentioned. These drugs are toxic. These 
are young individuals, and Adriamycin is certainly a cardiotoxic 
agent, and with longer life I think this is a real concern. 

Dr. Krementz s work in perfusion is excellent. The reason we 
did not go to perfusion was that we were trying to work out a 
principle that would be applicable to different areas of the body, 
not just, necessarily, the extremity. We are using this treatment 
method as a model for trying to evaluate the effectiveness of chemo- 
therapy and radiation. We chose Adriamycin because of its effec- 
tiveness, but could have used cis-platinum or other agents, which 
cannot be used in isolated perfusion. In other words, we wanted 
to see if we could develop a treatment model applicable to the head 
and neck, retroperitoneum, liver and so on, in which perfusion ob- 
viously is somewhat limited. 

This is a consecutive series of patients but I may not have made it 
clear that these are all high-risk patients. Most of them have Grade 3 
lesions, or if they have Grade 2 disease, the tumors are all locally 
recurrent. I do not want to give the impression that if patients have 
a small Grade 1 fibrosarcoma on their arm, they need all this treat- 
ment. It is only in the patients that have the large high grade tumors 
that I think this principle, or these concepts, are applicable. 


Postoperative Function of “Free” Jejunal Transplants 
for Replacement of the Cervical Esophagus 
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The postoperative function of ‘‘free’’ jejunal autotransplants 
for replacement of the pharyngoesophagus after palliative re- 
section was evaluated in nine patients using clinical assessment, 
cinefluoroscopy, manometry, and electrical studies. After an 
initial period of adjustment, all patients swallowed solids and 
liquids with minimal difficulty, gained weight appropriately 
and were satisfied with their operations. Cinefluoroscopy and 
esophageal manometry demonstrated normal function of the 
intact distal esophagus, which correlated with the absence of 
reflux symptoms. The grafts were capable of contraction in 
response to local distension and maintained an intrinsic myo- 
electrical activity. These results indicate that jejunal auto- 
transplantation may provide excellent palliation with restora- 
tion of a near normal swallowing mechanism for patients with 
large resectable lesions of the pharyngoesophagus. An addi- 
tional observation was that the instillation of food directly 
into the gastric antrum caused a change in the motor activity 
in the transplanted jejunum, indicating physiological hormonal 
control of intestinal motility. 


HE VARYING SUCCESS of the large number of surgical 
methods for palliation in carcinoma of the pharyn- 
goesophagus indicates that the ideal esophageal 
replacement has not been found. The high mortality and 
morbidity of patients treated with colon interposition!? 
and isoperistaltic gastric tubes!* stimulated us to pur- 
sue an alternative for treatment of cancers involving 
the cervical esophagus. Autotransplantation of the 
jejunum seemed to have three theoretical advantages: 
1) a short vascular pedicle, thereby minimizing the 
danger of necrosis, 2) preservation of the distal esopha- 
gus which would reduce regurgitation and reflux, and 
3) the possibility of functional peristalsis within the 
graft which could contribute to an effective swallowing 
mechanism. 
Carrel in 1906 first described the autotransplanta- 
tion ofa loop of intestine into the neck "asa preliminary 
study of the substitution of such a tube for the 
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oesophagus .? The intestinal vessels of a dog were 
anastomosed to the carotid artery and jugular vein and 
the intestine immediately achieved normal color and 
peristalsis. In 1957 Seidenberg reported the first suc- 
cessful intestinal autotransplant in man.” He used a 
segment of jejunum to replace a segment of esophagus 
resected for recurrent carcinoma. Unfortunately, the 
patient died on the seventh postoperative day of a cere- 
brovascular accident. Since then, gastric antrum," 
colon'* and ileum'? have been transplanted success- 
fully into the neck. 

The principal objective of the present report was to 
evaluate the postoperative swallowing function of a 
series of patients with jejunal autotransplants in order 
to determine whether jejunal autografting offers a po- 
tential functional advantage over the other methods 
of esophageal reconstruction. We wanted to learn 
whether the patients were satisfied with their ability 
to swallow both liquids and solids. A secondary ob- 
jective was to define the roentgenographic and motility 
characteristics of the jejunal autograft. In addition, we 
studied the effects of distension and of instillation of 
nutrients into the stomach on the myoelectric and 
motor activity of the jejunal autograft. 


Materials and Methods 
Patients 


Over the past two years nine patients have under- 
gone "free" jejunal transplantation after extensive re- 
sections of the larynx, pharynx, and cervical esophagus 
(Table 1). The patients' ages ranged from 48 to 87 years. 
Five patients were male and four patients were female. 
All had large squamous cell carcinomas involving the 
pharyngoesophagus and regional lymph nodes. Seven of 
the nine patients underwent surgery for recurrent tu- 
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TABLE |. Patient Population 


ee ESS 


Months 
Patient Age Diagnosis Postoperatively 


l 57 Recurrent sq. cell CA esophagus Alive 25 
2 69 Rec. sq. cell CA larynx Died 23 
3 48 Rec. sq. cell CA piriform sinus Died 4 
4 65 Sq. cell CA esophagus Alive 17 
5 68 Rec. sq. cell CA pharyngoesophagus Alive 12 
6 55 Rec. sq. cell CA right neck Died 10 
7 87 Sq. cell CA larynx Alive 9 
8 61 Sq. cell CA piriform sinus with extension into esophagus Alive 6 
9 70 Rec. sq. cell CA pharynx Alive 1⁄2 


mor. Before surgery they had severe dysphagia and a 
mean (+SEM) weight loss of 24.1 (+3.8) pounds. The 
patients have all had follow-up examinations as thought 
clinically appropriate and have been questioned in 
detail for symptoms. They have all been observed mul- 
tiple times while swallowing solid and liquid food. 


Surgical Procedure 


The procedure is performed in one stage by two 
surgical teams. During the completion of the cervical 
dissection, a segment of jejunum with appropriate diam- 
eter and length, and a single nutrient artery and vein is 
selected and removed. Following removal the segment 
is perfused with Sack's solution until it is interposed 
between the remaining pharynx and esophagus. The 
jejunal artery and vein are anastomosed to an external 
carotid artery branch and the internal jugular vein us- 
ing microsurgical technique. Throughout the period of 
ischemia the jejunum is cooled by slushed ice within a 
condom placed intraluminally. 


Radiologic Studies 


Each patient was studied with routine barium swal- 
lows two to six times. Cinefluoroscopy was performed 
on six patients, during swallows of both plain barium 
and barium-coated marshmallows. Manometry leads 
and electrodes were positioned during fluoroscopy. 


Manometric Studies 


Six patients underwent manometric studies of the 
jejunal graft and esophagus. The apparatus, calibration 
and procedure was as described by Duranceau.? A 


TaBLE 2. Esophageal Manometry* 





Body 
Lower esophageal sphincter 
peak contraction 21 + 4 (Normal 10-35) 
relaxation -4 + 4 (Normal —5-5) 
———————————9———————— AL 
* Distal esophageal pressures of transplant patients in mmHg with 
laboratory range of normal values in parentheses. 


35 + 4 (Normal 15-90) 


triple lumen catheter was used with openings 5 cm apart 
for simultaneous pressure recording. The pressures 
were transmitted from columns of water perfusing each 
lumen continuously at 1.91 ml/min. Pressures were re- 
corded in millimeters of mercury with the zero reference 
point being atmospheric pressure. The patient sipped 
2 ml of water with each swallow (‘‘wet swallows’’) 
in the supine position. Normal laboratory values were 
determined by the range of pressures of 10 normal 
patients and are listed in Table 2. Manometric studies 
of the transplant patients were compared to a group 
of 10 patients with laryngeal carcinomas who were 
about to undergo laryngectomy with primary closure. 
A point midway between the upper and lower esopha- 
gus sphincter (LES) was selected as the division be- 
tween the "proximal" and "distal" esophagus. Because 
the transplant patients no longer had an upper esopha- 
geal sphincter, that location was estimated. Peristalsis 
in the body of the esophagus was "coordinated" when 
the wave peaks were separated by more than 1.25 sec- 
onds, corresponding to a maximum wave speed of 4 cm/ 
sec. The LES was "coordinated" when the phase of 
LES relaxation entirely encompassed the oncoming 
peristaltic wave. 

Intrinsic graft motor activity was measured by leav- 
ing manometric leads within the jejunal segment for 
periods varying between three and 13 hours. Four pa- 
tients were studied on two different occasions and one 
a total of three times. They were fasted for a minimum 
of ten hours before the studies. One patient was stud- 
ied overnight. In four patients a small feeding catheter 
was placed in the distal antrum prior to the studies 
and 150 ml of a liquid nutritional formula (Ensure? or a 
liquified meal) at room temperature was administered 
through the feeding tube after establishment of fasting 
activity. Following the studies there was no demonstra- 
ble reflux of contrast from the feeding tube into the 
esophagus during infusion of barium or gastrograffin. 


Simultaneous Electrical and Pressure Recordings 


The methods used for simultaneous recording of 
electrical and intraluminal pressure was previously re- 
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ported.' Electrical activity of the jejunal graft was re- 
corded using bipolar platinum suction electrodes posi- 
tioned in an 18F vinyl tube. The electrodes were sol- 
dered at right angles to insulated copper wires, and the 
soldered junctions mounted within the vinyl tube with 
vinyl glue. The vinyl glue not only fixed the electrodes 
on the inner wall of the vinyl tube but also insulated 
the soldered junction. The shaft of the electrodes 
projected from its base towards an opening cut on the 
opposite side of the tube, so that the tips of the elec- 
trodes were flush with the outside wall of the vinyl tube. 
The shafts of the electrodes were insulated with vinyl 
paint and their tips electrolytically coated with silver 
chloride. The side holes through which the electrodes 
projected communicated freely with the lumen of the 
tube, so that when suction was applied at the open end 
of the tube, the intestine pulled onto the electrodes. 
The closed end of the tube was weighted with a mercury- 
filled "bullet." The insulated copper wires led from 
the electrodes down the center of the tube towards its 
open end near which they exited through the wall of 
the tube. 

Plugs were attached to the ends of the wires. The 
plugs were connected via a "universal" amplifier to a 
channel of a Gould Brush 4600* alternating current, 
direct-writing pen recorder (time constant: one second). 

The balloon was carefully mounted opposite the elec- 
trode pair. The balloon measuring about 2 x 4 cm was 
fitted with a polyethylene catheter which led from the 
balloon to a Gould Statham (Cleveland, Ohio) pressure 
transducer. The transducer signals were translated into 
pressure, in centimeters of water, by prior calibration 
of the Gould Brush pressure amplifier and recorder. 
With the transducer placed at a height level with the 
middle of the neck, the pressure inside the balloon 
was continuously recorded. Intraluminal pressure was 
recorded when the balloon and polyethylene catheter 
was filled with 5 ml water and again with 10 ml, taking 
precautions against air entering the system. Another 
balloon system with 5 ml water was positioned in an 
esophageal segment distal to the jejunal graft in order 
to measure simultaneously intraluminal esophageal 
pressure. 


Results 
Postoperative Complications and Patient Survival 


Two patients had anastomotic leaks postoperatively 
which were clinically inconsequential. There were no 
postoperative problems with mediastinitis, empyema, 
other abscess, or delayed gastric emptying. Six of the 
nine patients remain alive. Our first patient, who had 
carcinoma of the esophagus, is alive and well at 25 
months following transplantation. Our second patient 
died 23 months following surgery of pulmonary and 
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cerebral metastases. Patients 3 and 4 died with ex- 
tensive locally recurrent disease at four and nine 
months postoperatively. 


Graft Viability 


At the end of each operation, the grafts were seen 
to have normal color and normal appearing peristalsis. 
There has been no graft necrosis. A biopsy of the graft 
of our first patient 24 months postoperatively showed 
normal jejunum (Fig. 1). 


Clinical Function (Table 3) 


Initially following the procedure and resumption of 
oral intake, all patients had some nasal regurgitation 
of liquids. In all patients this was mild, and for seven 
patients this rarely occurred after the first two weeks. 
Following this initial period, however, graft function 
was excellent. All patients stated they could eat 
whatever they desired and each gained weight appro- 
priately. Two patients (patients 3 and 6) developed 
large local recurrences which caused graft stenoses at 
2 and 4 months postoperatively; after which deteriora- 
tion of graft function was noted. Patient 2, who 
died 23 months postoperatively with systemic disease, 
had no dysphagia and gained weight until approxi- 
mately one month before death. No other patient has 
had dysphagia with solid food. The patients have not 
had reflux symptoms, abdominal pain, early satiety, 
gastric emptying problems or marginal ulceration. 


Radiologic Findings 


Barium studies showed all grafts to be widely patent 
(Fig. 2) during the period of good graft function. The 
motility of the distal esophagus was normal and there 
was no demonstrable reflux from the stomach. Liquids 
passed freely through the grafts, and the grafts ex- 
hibited normally appearing small bowel contractions 
(Fig. 3), which seemed to be stimulated by the barium 
bolus. The patients experienced no dysphagia with 
swallowing barium coated marshmallows, 3 cm in di- 
ameter (Fig. 4). However, on cinefluoroscopy, there 
was delayed passage of the marshmallows through the 
graft. They passed easily down the esophagus after the 
patient swallowed a small amount of water. 


Motility 


The response of the graft to a bolus of water ("wet 
swallows’’) was variable. Twenty-nine per cent of swal- 
lows produced no appreciable pressure deflection within 
the graft. Thirty-two per cent of swallows produced 
deflections similar to normal esophageal contractions, 
with the wave peaks separated by more than 1.25 sec- 
onds from the esophageal peak 5 cm distal. Thirty-nine 
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TABLE 3. Symptoms After Initial Period of Adjustment 








Dysphagia Dysphagia 

Pa- with with Regurgi- Re- Early 

tient Liquids Solids tation flux Pain Satiety 
l e d = = a — 
? = = = oat - = 
3 -— = -- = m = 
E * (mild) - + (mild) = *» = 
5 = < - ac = = 
6 m: ias 5 = am ner 
7 = = = Pan = = 
8 + (mild) = + (mild — ia " 
9 $^ - » - ms - 
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Fic. 1. Biopsy of jejunal graft from patient 24 
months after surgery showing normal jejunal 
architecture. 


per cent of swallows produced more sustained deflec- 
tions in the graft than the associated esophageal con- 
tractions; the peak of the jejunal graft wave occurred 
before the peak of the esophageal wave, but relaxation 
did not occur until several seconds after esophageal 
relaxation (Fig. 5). All three patterns occurred in all 
the patients tested and there was no correlation of any 
pattern with dysphagia or nasal regurgitation. 
Pressures and coordination of the intact remaining 
esophagus were within normal limits (Table 2). In com- 
parison to the group of ten patients about to undergo 
laryngectomy with primary closure, there were no sig- 
nificant differences either in pressure or coordination 


> 
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Fic. 2. Anterior and lateral films of jejunal interposition graft. Note 
patent proximal and distal anastomoses as well as normal appearing 
mucosal folds. 


in the motility of the preserved esophagus between 
the transplant patients and the prelaryngectomy pa- 
tients (Tables 4 and 5). 


Intrinsic Motor and Electrical Activity During Fasting 


During fasting the grafts exhibited periodic bursts of 
motor activity between which the grafts were relatively 
quiescent (Fig. 6a). Each burst of activity would last 
5-20 minutes and the intervals between bursts varied 


FiG. 3. Lateral films of je- 
junal graft during swallow- 
ing bolus of barium. (A) Je- 
junum filled with barium im- 
mediately after swallowing. 
(B) Mild contraction of jeju- 
num forcing barium through 
graft. (C) Empty graft after 
barium has passed into 
esophagus. 
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from five to 35 minutes. The intervals between bursts 
decreased progressively over a 45 minute to two-hour 
period in a cyclical pattern until a longer burst occurred, 
lasting 15—20 minutes. The longer bursts were followed 
by a longer period of relative quiescence, sometimes 
lasting 25—30 minutes. 

Slow waves and control potentials were consistently 
recorded from the jejunal graft (Fig. 7). The configura- 
tion, amplitude, and duration of the pacesetter poten- 
tials varied from cycle to cycle with the frequency of 
cycles being nine to ten per minute. Action potentials 
accompanied the pacesetter potentials and were con- 
sistently recorded when changes in intraluminal pres- 
sure were occurring in the jejunal graft. There was no 
consistent relationship between the small changes in 
jejunal graft pressure and distal esophageal pressure. 

Distension of the balloon within the jejunal graft with 
10 ml water changed its electrical and motor patterns 
markedly (Fig. 8). Action potentials occurred in bursts, 
sometimes spanning several pacesetter potentials. The 
action potential bursts were associated with phasic 
changes in pressure (amplitude: 50-55 cm H,O, dura- 
tion: 13-18 seconds). These phasic changes in pressure 
were frequently soon followed by changes in intralumi- 
nal pressure in the distal esophageal segment. The pat- 
tern resembled that induced by '* wet swallows” (Fig. 5). 


Motor Activity of Jejunal Graft During Instillation of 
Food Into the Stomach 


Administration of a liquid nutritional formula directly 
into the gastric antrum, through a feeding tube, and 
without coming into contact with jejunal graft or esopha- 
geal mucosa, produced a dramatic change in motor 
activity within the jejunal graft (Fig. 6b). The jejunal 
graft immediately increased its motor activity. The 
periodic bursts of motor activity during the fasting 
state promptly ceased and the resultant pattern was a 
much more disordered, continually active one which 
continued for 2.5 hours before it began to convert back 
to the fasting pattern. 
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Fic. 4. Lateral views of je- 
junal graft during swallow- 
ing a barium-coated marsh- 
mallow. (a) Marshmallow 
(arrow) in oral cavity be- 
fore swallowing. (b) Marsh- 
mallow (arrow) passing 
through: proximal anasto- 
mosis. (c) Marshmallow 
(arrow) in upper portion of 
graft. (d) Empty graft after 
patient swallowed a small 
amount of water. Marsh- 
mallow passed easily through 
distal anastomosis down 
into the esophagus. Arrow 
marks small clinically insig- 
nificant sinus tract from 
proximal anastomosis. 


Discussion 


Survival for carcinoma of the esophagus, either by 
surgery or irradiation, is usually measured in months. 
Two year survival for those patients who have had 
resections is about 10% and for those without resec- 
tion approaches 0%.!7 In our series, mean survival 
from carcinoma of the cervical esophagus with or with- 
out resection was 6.5 months compared to 8.4 months 
for the more distal lesions. Without surgery many pa- 
tients die a slow death from inanition. The survival 
of patients with large pharyngeal or laryngeal car- 


FiG. 5. Manometric tracing of a wet swallow (WS) passing through 


jejunal graft (top tracing), esophagus 5 cm distal (middle tracing), 


and esophagus 10 cm distal to jejunal graft pressure lead (bottom 
tracing). Note onset of jejunal contraction prior to esophageal and 
continuation. of that contraction throughout the esophageal 
contractions. 
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TABLE 4. Esophageal Pressures of Five Transplant Patients 
Compared to a Group of Ten Prelaryngectomy Patients 








Transplant Prelaryngectomy 
Proximal esophagus 21.] € L3 18.4 = 1.3 
Distal esophagus 30.3 + 4.9 25:0 x 2.7 
Lower esophageal sphincter 24.2 £34 29.3 + 3.9 





Values are means + SEM in mmHg. 


cinomas involving the esophagus is probably longer 
although quality of the terminal course is similar. 

Mustard found the Wookey operation satisfactory 
for pharyngoesophageal reconstruction, although he 
expressed dissatisfaction with the need for multiple 
stages. Others*!* have considered this reconstruc- 
tion with a tube of skin and platysma muscle satisfactory 
for palliation and have preferred reconstruction with 
pedicle grafts of colon or stomach. In our series’ colon 
interposition!? for malignant disease had a 25% post- 
operative mortality, and in hospital mortality after the 
isoperistaltic gastric tube! for esophageal bypass of 
malignant disease was 28%. One-fifth of the patients 
in the latter group, however, had tracheoesophageal 
fistulae. The major complications of colon interposition 
were gangrene of the interposed segment and anasto- 
motic leakage. The incidence of cervical anastomotic 
leakage after the isoperistaltic gastric tube bypass 
was 43%. Using these methods there were also prob- 
lems with mediastinitis, empyema, abdominal abscess, 
delayed gastric emptying, marginal ulceration, and re- 
flux symptoms and complications. 

At present for carcinomas involving the thoracic 
esophagus, pedicle grafts from the abdomen are still 
the most feasible procedures for resection or bypass. 
However, for large resectable carcinomas involving 
the pharyngoesophagus, the use of a "free" graft 
eliminates much of the abdominal and thoracic dis- 
section. In the present series we did not encounter 
most of the problems seen with the other procedures 
including graft necrosis. In addition, there was preserva- 
tion of the distal esophagus and its function. A retro- 
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TABLE 5. Esophageal Coordination of Five Transplant Patients 
Compared to a Group of Ten Prelaryngectomy Patients 


aaalllt 


Transplant Prelaryngectomy 
e ÁÁÁ 
Proximal esophagus 76.0 + 10.9 82.6 + 8.6 
Distal esophagus 87.6 + 9.7 89.9 + 6.2 
Lower esophageal sphincter 74.9 + 10.1 80.5 + 8.9 





Values are mean + SEM percentage. 


spective study? suggested that there was distal esopha- 
geal motility abnormalities following laryngectomy with 
primary closure; however, the present study did not 
support this observation. Reflux was not a problem in 
the patients with jejunal grafts, and all the patients 
were satisfied with their swallowing function, particu- 
larly their ability to eat whatever they chose. 

The postoperative functional results from this opera- 
tion, assessed subjectively by the patients and their 
physicians, have indeed been good. Functionally a near 
normal swallowing mechanism was restored. However, 
the response to swallowing of the jejunal segment as 
measured by manometrics and barium studies clearly 
was different from the normal pharyngoesophagus. 
Motor activity, although functionally present, re- 
sponded inconsistently to swallows. The barium stud- 
ies suggested that the bolus of fluid stimulated the jejunal 
segment to contract like normal small bowel and the 
distal esophagus then continued its function of propel- 
ling the bolus into the stomach. The manometric stud- 
ies indicated that the jejunal graft contraction began 
before esophageal contraction and was more prolonged. 
Since simple distension of the graft also caused repeti- 
tive forceful motor activity, it is likely that the process 
of distension by boluses of liquids and solids is re- 
sponsible for the observed jejunal graft contractions 
during swallowing. However, distal esophageal re- 
sponse to simple distension of the graft was not well 
characterized in these studies. 

It is too early, and the series too small to say whether 
the operation increased survival. The two patients with 
carcinoma of the esophagus are alive at 17 and 25 months 












Fic. 6A. Manometric tracing of fasting motor activity over 30 minute period within jejunal graft. 
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FiG. 6B. Transition from fasting to fed pattern of motor activity within jejunal graft. Note prompt change to continuous activity following 
administration of Ensure directly into distal antrum and bypassing the graft. 


postoperatively. The early results indicate, however. 
that jejunal autotransplantation provided excellent 
palliation for this group of patients. 

Several observations of the motor activity of these 
grafts are of scientific interest. The first is the observed 
fasting motor activity which was similar to that seen 
in intact human gutt? and in dogs.?! There were fre- 
quent intermittent bursts of motor activity which cor- 
responded to action potential spikes during pacesetter 
potentials. In addition, every 45 minutes to two hours 
there was a longer burst of motor activity with action 
potentials. It will be important to determine whether 
the latter rhythmic bursts correspond to the " migrating 
electrical complex" described by Szurszewski. A 
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second observation was that the motor activity of the 
jejunal graft changed markedly by simple mechanical 
distension. There are two possible explanations for this 
phenomenon. Either distension stimulated the intrinsic 
contractile property of the intestine or there was release 
ofa substance which controls this function. The present 
studies do not provide evidence for or against either 
of these explanations. 

A third observation was that instillation of food di- 
rectly into the stomach without coming into contact 
with the jejunal graft or esophageal mucosa completely 
abolished the fasting pattern of motor activity for over 
two hours. Previous dog experiments demonstrated 
that fasting motor activity is abolished by either dis- 
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Fic. 7. Simultaneous recording of jejunal graft electrical (JEJ ELECT) and motor (JEJ MOTOR) activity, and esophageal motor activity 
(ESOPH MOTOR) during fasting burst. Note pacesetter potentials and action potential spikes in jejunal graft during motor activity. 
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Fic. 6B. (Continued) 


tension? or feeding.?'?^ Feeding produces a marked, 
continual increase in the activity. The evidence that 
this transition is regulated by hormones was based on 
a number of different experiments. Food administered 
into the intact gut of dogs caused a transition from 
the fasting to the fed myoelectric pattern in Heidenhain 
pouches!’ and Thiry loops.? Vagotomy did not abolish 
this phenomenon.'! Several exogenously administered 
hormones, including pentagastrin and CCK stimulate 
the fed pattern of motor activity and others, such as 
secretin, inhibit it.^'? Administration of an extract of a 
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Fic. 8. Simultaneous re- 

cording of jejunal graft elec- 

trical (JEJ ELECT) and 

motor (JEJ MOTOR) ac- 

tivity, and esophageal motor 50r 
activity (ESOPH MOTOR) 
during fasting and 10 ml ( cm H20) | | 
balloon distension. Note oL ^ VAI 
series of strong jejunal con- 

tractions during graft dis- 

tension. 


ESOPH MOTOR 
( cm H20) 


[ 


J)MRR — | ET er 


gastrinoma caused stimulation of tone and motility of a 
canine Thiry loop followed by inhibition. 

The present study demonstrates that food instilled 
in a remote part of the gastrointestinal tract could pro- 
duce this same transition from a fasting to a fed motor 
pattern in the jejunal autotransplant in the neck. In 
light of this observation, the hypothesis that these 
events are mediated by autonomic nerve fibers along 
the course of supplying blood vessels (10) is no longer a 
tenable alternative explanation because all the nerves 
in this transplanted loop of intestine were completely 
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severed. Therefore, the only plausible explanation for 
the mechanism of feeding motor activity in the jejunum 
in the human being is control by hormones. 
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DISCUSSION 


Dr. WILLIAM E. NEVILLE (Newark, New Jersey): The technique 
of free bowel transplant with anastomosis of the accompanying ar- 
tery and vein has intrigued me since a report by Seidenberg and 
the late Elliott Hurwitt at the Surgical Forum in 1959 of their suc- 
cesses in dogs. Subsequently, in my laboratory during the 1960's 
countless dogs met their demise as a result of our attempts to dupli- 
cate their results. The arterial anastomosis was not a problem, but 
the venous connections were insurmountable. 

Obviously, in the 1960's we did not have fine monofilament sutures 
or sophisticated microsurgical techniques that were easily adaptable. 
With the advent of coronary artery operations, all of this has changed, 
and it is possible that the operation described by the group from 
Duke may well become the procedure of choice in the future. 

In addition, we now not only have the expertise for adequately 
performing the vascular anastomoses, but have at our disposal 
stapling instruments, popularized by Mark Ravitch, and his former 
associate, Felix Steichen. 

In regard to stapling techniques, it is interesting that Nakayama 
in 1964 reported 21 patients in whom autografts of the bowel were 
used to reconstruct the cervical esophagus, using a stapler for the 
vascular anastomosis. 

Thus, at the present time we have several options for primary 
reconstruction of the cervical esophagus, thereby eliminating the 
multiple-staged Wookey procedure. We have the free transplant, as 
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depicted in the previous paper; we have the gastric sleeve as 
originally reported by Gavriliu, which can be done fairly quickly 
with the GIA stapler and the use of an ileocolic segment which 
retains its original vascular connection in the abdomen. 

The ileocolic segment, can easily be transplanted from the abdo- 
men into the neck through the anterior mediastinum. My experience 
over the years using the right colon and leaving an attached segment 
of terminal ileum. as described by George Clowes and me nearly 
25 years ago, has made this technique preferable with me for re- 
constructing all or part of the esophagus. The only impediment is 
that mother nature may not be kind enough to give one the blood 
vessel distribution to perform the procedure with a reasonable sense 
of security in all patients. 

My experience with pharyngolaryngoesophagectomy with or 
without a neck dissection, has been limited to six patients. In all 
the patients the ileocolic segment was used successfully to establish 
oral—gastric continuity. 

These three slides depict a patient with a large cervical carcinoma 
on whom Dr. Rush and I both operated. The first slide shows a 
large lesion in the cervical esophagus which has invaded the 
pharynx and the larynx. We removed en bloc the larynx and the 
cervical esophagus but did not do a concomitant neck dissection. 

The second slide shows the terminal ileum anastomosed to the 
pharynx. There is some slight narrowing in that area, but this man 
had no difficulty in swallowing. The last slide shows the dilated 
colon retrosternally in the anterior mediastinum. 
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| must add that in the long run peristalsis in the graft is mean- 
ingless clinically. The cine studies that we reported in the late 1950's 
showed that over a period of time there was no evidence of peristalsis 
in the colon transplant. It merely acted as a conduit from the mouth 
to the stomach. 

Despite my lack of experience with the free transplant in patients, 
I enthusiastically endorse this operation, and re-emphasize that at 
the present time, with all of our newer advances in microsurgery 
and gastrointestinal stapling techniques, this may well be the opera- 
tion of the future. 


DR. RoBERT F. RYAN (New Orleans, Louisiana): I congratulate 
the authors on their superb technical achievement and the excellent 
physiologic studies which they have conducted. I would like to point 
out that cervical esophageal replacement can occasionally be done 
by much simpler means. In 1975 Dr. Krementz and I resected the 
tongue, larynx and epiglottis of the third cancer that the patient had 
had. She had already had a partial glossectomy. We made a gullet 
out of the remaining floor of the mouth and tongue. 

Five years later, the patient returned with her fourth cancer. [slide] 
This was in the cervical esophagus. Dr. Krementz asked me to 
help, and after he had resected the cancer left us to close the hole. 
The hole that we had is depicted here by a drawing. The patient 
had a distal esophagus at the level of the tracheostomy, two tired 
and heavily irradiated skin flaps in the form of a T where it had been 
resected. We were looking in at the two carotid arteries, the pre- 
vertebral fascia, and the uvula hanging down in the middle from 
the nasopharynx. 

We made a large pectoralis major myocutaneous flap, and we 
sewed it to the nasopharynx, the remaining floor of the mouth, and 
then by folding it in a spiral fashion we made an esophageal tube. 

(slide) The total time for the resection and the reconstruction 
was less than five hours. All wounds were closed primarily, without 
any grafts being done. This shows the patient with the chest wound 
closed and the T incision in the neck closed. 

The patient refused to lose her security blanket of the nasogastric 
tube and went home with it in place. The tube became dislodged 
three weeks later. She returned unable to swallow well. We pre- 
sumed that she had an esophageal stricture. We performed an 
esophagoscopy and found that there were no strictures present. We 
then were readily able to pass the nasogastric tube. 

We then realized, however, that she was using her left hand to 
drink with, and when she did this, with the myocutaneous flap still 
being innervated, any time she used her left arm the muscle was 
closing off the flap. So we had an iatrogenic stricture caused by 
that method. We taught her to use her right hand to drink with, 
and now she is able to swallow correctly. 

It may be that we are goingto have to denervate some ofthese flaps. 

Dr. Krementz took this patient's first cancer out some 16 years 
ago. This is her fourth cancer. The patient has continued with her 
martinis and her cigarettes, so perhaps the fifth cancer that she has 
will be in the area of thoracic surgery. 


DR. M. J. JURKIEWICZ (Atlanta, Georgia): I believe that micro- 
vascular surgery has come of age such that one must be able to 
operate with technical expertise resulting in few if any failures from 
vascular anastomoses. 

The germ of this particular idea originated with Dr. Longmire 
in the middle 1940's. To reconstruct the cervical esophagus in a 
patient with a lye stricture, he transplanted a segment of jejunum 
into the neck, using an abdominal skin tube as a carrier. Obviously, 
this is a tedious process, with hazards all along the way. Conse- 
quently, in another patient with a similar stricture he did a remark- 
able thing. He took a Roux loop and to lengthen it used an additional 
segment, leaving the axial vessels long, and then revascularized 
that by anastomosing those vessels to the internal mammary vessels 
in the chest. 

This remarkable tour de force was carried out in 1946. Androsov 
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some ten years later published a series using that identical technique 
from Russia. 

(slide) Our experience at Emory is similar to the one at Duke. 
We have experience with 21 such jejunal segments. These patients 
are compared with historical controls. The time in the hospital for 
a free jejunal segment combined with the tumor extirpative surgery 
is somewhere on the average of 12 days in comparison to the time 
for completion of similar reconstructive effort, using conventional 
deltopectoral flaps or other flaps, which varies from 65 to 112 days. 

(slide) We too have had two fistulas. They have not been of any 
consequence and have closed, whereas, again, comparing them with 
skin-lined tubes of one sort or another, the fistula rate is considerably 
higher. 

We have had two failures in the series of 21 patients. One was 
immediate and was clearly a technical failure. The other occurred 
at 242 weeks in a diabetic who had some necrosis of an irradiated 
skin flap. Infection ensued resulting in eventual necessity of carotid 
ligation to control hemorrhage. 

(slide) We have had no incidence of stenosis, and in skinlined 
tubes this is a well-known complication. 

In closing, our observations parallel those at Duke. The trans- 
planted segment clearly retains intrinsic motor activity. It also serves 
as an extraordinarily admirable way of reconstructing the cervical 
esophagus. 

Have you had an opportunity in any of your studies to perform 
biopsies on the mucosa? 


DR. HIRAM C. Pork, JR. (Louisville, Kentucky): I agree in general 
with the Duke group. I think they have touched some important 
bases about the utility of this procedure, and I would like to mention 
several of those. 

First, Bob Acland in our group presented to the Head and Neck 
Society about two years ago reports of the first eight patients to un- 
dergo this procedure. Now more than 12 have been performed, and 
most of the points made here are critical to the success of the effort. 
I would like to speak of two or three of them specifically. 

First of all, the cooling of the transplanted segment is absolutely 
essential. This is a long operation, and protection of that segment, 
whether it be colon or jejunum, as McGill showed about four years 
ago, is essential. 

Second, the concept of the driving motor force for this detached 
reimplanted segment is correct. We studied this indirectly on one 
patient and showed that it clearly is unrelated to the esophagus. Now 
we are really looking for chances to see how this relates to jejunal 
feeding. 

Third, this is a utilitarian and clinical procedure. It provides an 
additional measure of security for the person resecting in this area, 
and surely the security of reconstruction is pretty good. 

In a procedure like this you have to be intensely careful in looking 
at your patients, because your real candidate is someone who can 
put up with a long period of anesthesia in this sort of operation 
as this reconstruction is accomplished in our unit. 


DR. J. ALEX HALLER, JR. (Baltimore, Maryland): Thisisanimpres- 
sive use of microvascular surgical techniques for implanting a seg- 
ment of jejunum into the cervical esophagus in patients who are in 
an advanced age group. We have been interested in the replacement 
of the esophagus in children in the high thoracic area, and I would 
like to direct my thoughts for just a minute, and my comments, 
to this group of patients. 

As you may know, they fall into two categories: One is the new- 
born infant with esophageal atresia, in which it may not be possible to 
get the two ends together: the other is the older infant who may 
have a destroyed esophagus as a result of caustic ingestion. Un- 
fortunately, some of these microvascular techniques may not be ap- 
plicable because of the small size of the vessels in these small 
patients. 

In our laboratories during the last 18 months, we have had a 
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pediatric surgeon, Dr. Irene Oesch, from Berne, Switzerland, work- 
ing with us. Of great interest is the fact that she has transplanted 
cat jejunum into the thoracic esophagus, attempting microvascular 
surgical techniques, but she noted that in some of the failures of the 
vascular anastomoses there was unexplained survival of some of the 
segments of the esophagus. 

Looking further into this, we then transplanted 3 to 5 cm segments 
of cat jejunum without vascular anastomoses, removing the serosa 
and wrapping the graft with the paravertebral musculature. Dr. 
Oesch has completed eight of ten such procedures, with successful 
survival of the transplanted, truly free grafts, and they have peristal- 
sis. To my disbelief, we have carried out some vascular injection 
studies that indicate that there is capillary ingrowth within about 
four to five days following implantation, making anastomoses into 
the intrinsic vasculature of these free jejunal segments. 

Whether this is going to have any human application or not, we 
are not certain. | would remind you that these are short, 3 to 5 cm 
grafts, in cats. I would like to ask the authors, with that as a reference 
point, whether they have studied the vasculature of their transplanted 
segments. Is there the possibility that they are not necessarily vas- 
cularized by the anastomosis, but from surrounding tissue? If they 
have studied those vascular beds, I would be most interested in 
what they have found. 
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Dr. W. C. Meyers (Closing discussion): Dr. Ryan, I agree that 
your procedure does seem to be technically simpler than ours. We 
have abandoned the use of the Wookey procedure, to use another 
type of myocutaneous flap, because the Wookey procedure usually 
requires more than one stage, and often does not function well. 

I assure you that our jejunal flaps do have better function than 
yours. Our patients can use both hands. They also do not require 
the use of a nasogastric tube, which was present on one of the slides. 

Dr. Jurkiewicz, regarding the number of authors, the postoperative 
functional studies have required a cross section of interests, and for 
the benefit of the patient we have used all the facilities available. 

(slide) This shows a jejunal biopsy of one of the patients, which 
was normal except for, perhaps, a minor degree of chronic 
inflammation. 

Dr. Polk, our procedures do take a mean time of about six hours. 
The longest one has been about eight and one-half hours. 

Dr. Haller, we have not had any experience in children. How- 
ever, we have had the opportunity to re-explore one of these patients 
because she had some tracheal stenosis secondary to a large flap 
that had been used to cover her defect. She also had gained a massive 
amount of weight, so that whenever she lay supine the flaps 
closed over her trachea. There were pulsations within the vessels 
going to her transplanted jejunal segment. 
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Long-term Evaluation of Patients with Primary Parathyroid 
Hyperplasia Managed by Total Parathyroidectomy and 
Heterotopic Autotransplantation 


SAMUEL A. WELLS, JR., M.D., JOHN R. FARNDON, F.R.C.S.,* JANET K. DALE, B.S.N., GEORGE S. LEIGHT, M.D., 


Since 1973, we have performed total parathyroidectomy and 
forearm parathyroid autotransplantation in 36 patients with 
generalized (four gland) primary parathyroid hyperplasia. 
Twenty (56%) patients had nonfamilial parathyroid hyper- 
plasia (NFPH) and 16 (44%) patients had familial parathyroid 
hyperplasia (FPH). Twenty-one patients (Group A) were 
undergoing operation for the first time and 15 (Group B) were 
having either second, third or fourth re-explorations for per- 
sistent hyperparathyroidism. All patients in Group A and 
nine patients in Group B had parathyroid resection and im- 
mediate autotransplantation as a single procedure. Six Group 
B patients had hyperfunctioning parathyroid tissue resected, 
cryopreserved, and subsequently grafted when it was evident 
that they had been rendered aparathyroid. A sustained dif- 
ferential elevation (13.7 fold + 2.7) of parathyroid hormone 
was detected in the antecubital vein of the grafted compared 
to the nongrafted arm in 35 (97%) patients. Two (5.6%) of the 
36 patients (both with FPH; one Group A and one Group B) 
required permanent oral calcium and vitamin D replacement 
therapy and one (3%) patient (NFPH: Group A) had persistent 
hypercalcemia postoperatively, presumably due to a super- 
numerary gland. The remaining 33 (92%) patients became 
normocalcemic after surgery and 23 (70%) of them remained 
so. Ten (30%) of the 33 patients developed recurrent graft 
dependent hyperparathyroidism. Eight patients were from the 
group with FPH (8/14, 57%) and two were from the group 
with NFPH (2/19, 11%) (FPH vs. NFPH, p < 0.005). Because 
of symptoms of hypercalcemia or a serum calcium concentra- 
tion exceeding 11 mg/dl, partial graft resection was performed 
in five patients and four became normocalcemic. Patients with 
generalized primary parathyroid hyperplasia may be difficult 
to cure, especially if the disease is familial. The technique of 
total parathyroidectomy and heterotopic autotransplantation 
of fresh or cryopreserved parathyroid tissue offers distinct 
advantages over alternative techniques. 
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M? PATIENTS WITH PRIMARY hyperparathy- 
roidism are found at operation to have one large 
parathyroid gland and three of normal size. In virtually 
all such patients, resection of the enlarged parathy- 
roid is curative. A small number of patients (usually 
less than 10%) have generalized parathyroid enlarge- 
ment, a condition referred to as parathyroid hyper- 
plasia. Water-clear cell hyperplasia! is rare and is seen 
much less frequently than when first described 50 years 
ago. Chief-cell hyperplasia‘ is more common and it may 
occur alone or in association with certain familial 
endocrinopathies: multiple endocrine neoplasia type I 
(MEN I),? multiple endocrine neoplasia type Il (MEN 
ID,'* and familial hypocalciuric, hypercalcemic hyper- 
parathyroidism (FHHH).'* 

Unlike patients with single gland hyperparathy- 
roidism, those having generalized parathyroid en- 
largement are more difficult to manage. Before this 
disease entity was widely recognized surgeons often 
did not appreciate at operation that all of the para- 
thyroid glands were enlarged and patients developed 
postoperative hypercalcemia because an insufficient 
amount of tissue was resected. Cope" defined the state 
of parathyroid hyperplasia and recommended that pa- 
tients with this disease be treated by radical subtotal 
parathyroidectomy (removal of three enlarged para- 
thyroid glands and a remnant of the fourth). The re- 
sults with this technique have not been entirely satis- 
factory. In 1951, Castleman and Cope? evaluated 11 
patients treated surgically for water-clear cell hyper- 
plasia. Of nine patients who were studied one to ten 
years following three and one-half gland parathy- 
roidectomy, five patients (56%) developed postopera- 
tive hypercalcemia. In another two patients, the 
serum calcium concentrations were 10.3 and 10.1 mg/dl. 
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Castleman and Schantz? recently reported results in 66 
patients undergoing sugery for hyperparathyroidism 
due to chief cell hyperplasia. The prevalence of post- 
operative hypercalcemia was 11% and of permanent 
hypocalcemia, 15%. However, only 50% of the 66 pa- 
tients were evaluated beyond one year postopera- 
tively. In a recent report by Edis,'' of 55 patients 
undergoing subtotal parathyroidectomy for chief cell 
hyperplasia, permanent hypocalcemia developed in 
three patients (5%) and persistent hyperparathy- 
roidism in seven patients (13%). Transient postopera- 
tive hypocalcemia lasting up to two years was noted 
in 15 patients (27%). 

Several investigators have recorded poor surgical 
results in patients with familial hyperparathyroidism. 
Clark* in a literature review reported recurrent hyper- 
calcemia in 33% of 24 patients with familial hyper- 
parathyroidism, 7096 of whom had multiple gland 
disease. Similarly, Lamers”? reported recurrent hyper- 
parathyroidism in five (38%) of 13 patients with MEN I 
and Scholz and associates'® detected postoperative 
hypercalcemia in two (22%) and hypocalcemia in two 
(22%) of nine patients with MEN I. Marx and asso- 
ciates'^ evaluated seven patients with FHHH who 
were operated on a total of nine times. Six patients 
remained hypercalcemic and one developed chronic 
hypocalcemia. 

The cure rate in patients re-explored for hyper- 
parathyroidism persisting or recurring after a failed 
operation is much lower than in patients undergoing 
primary surgery. In Beazley’s series of patients re- 
explored for hyperparathyroidism,? only 18 (55%) of 33 
patients were rendered normocalcemic, seven patients 
(21%) remained hypercalcemic, and eight (24%) be- 
came permanently hypocalcemic. In Brennan's series? 
of 30 patients, five (17%) remained hypercalcemic and 
11 (37%) became hypocalcemic. In Edis's series of 51 
patients," 71% were cured by re-exploration, however, 
15 (30%) of the 51 patients required permanent calcium 
and vitamin D replacement after surgery. 

Appreciating the difficulties which others had en- 
countered in managing patients with hyperparathy- 
roidism due to generalized parathyroid enlargement, 
we devised a surgical technique which both decreased 
the parathyroid mass without inducing permanent 
hypocalcemia and provided a simple means of manag- 
ing recurrent hyperparathyroidism should it develop. 
This technique was also directly applicable to the treat- 
ment of patients undergoing repeat operation for per- 
sistent or recurrent hyperparathyroidism. 

Previous work in experimental animals!*!* had 
demonstrated the facility of transplanting isologous or 
autologous parathyroid tissue and had clearly shown 
that the recipient could be maintained in a normo- 
calcemic state with the grafted parathyroid as the only 
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source of hormone. We proposed"! for patients with 
primary parathyroid hyperplasia, that all parathyroid 
glands be resected from the neck and small slices 
from one be implanted into the forearm muscle. Should 
graft-dependent hypercalcemia subsequently de- 
velop, it could be successfully managed by resecting 
pieces of the transplanted tissue under local anes- 
thesia, thereby obviating the need for repeat neck 
exploration with subtotal or total extirpation of residual 
in situ parathyroid. The parathyroid grafts were suc- 
cessful in each of the first four patients reported by 
our group.?! 

Patients who require a second neck exploration are at 
a much greater risk for developing hypoparathyroidism 
for two reasons. During the process of re-exploration, 
normal parathyroid tissue may be inadvertently 
damaged. More commonly, a discovered enlarged 
parathyroid gland may represent the only functioning 
tissue and with its removal the patient is rendered 
aparathyroid, a complication preventable by para- 
thyroid autotransplantation. When the surgeon is 
certain, from reviewing previous operative notes and 
pathology material, that three parathyroid glands have 
been removed, then any enlarged parathyroid gland 
identified at re-exploration may be resected and 
autografted during the same procedure. If, however, 
it is not clear that the enlarged parathyroid gland 
identified represents the patient's only remaining 
parathyroid tissue, or if it is suspected that other 
parathyroid tissue may reside in the neck, the resected 
parathyroid gland should be sliced into small slivers 
and cryopreserved for subsequent autografting when 
and if the patient becomes aparathyroid. 

Since 1973 we have treated 36 patients with primary 
hyperparathyroidism due to generalized (four-gland) 
enlargement using total parathyroidectomy and fore- 
arm autotransplantation. The present report describes 
our experience with these patients. 


Materials and Methods 
Patients 


The 36 subjects represented patients undergoing 
operation at Duke University Medical Center since 
1973 who had a clinical and pathologic diagnosis of 
primary parathyroid hyperplasia (enlargement of all 
four parathyroid glands). Twenty (56%) of the patients 
had nonfamilial parathyroid hyperplasia (NFPH) and 
16 patients (44%) had familial parathyroid hyperplasia 
(FPH); nine of the 16 had MEN I, three patients had 
MEN II and four had FHHH. In 21 patients who were 
undergoing operation for the first time, four para- 
thyroid glands were removed from the neck and para- 
thyroid tissue was immediately implanted in the 
forearm. 
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Fifteen patients were undergoing second, third or 
fourth re-explorations for hyperparathyroidism. In 
nine, an enlarged parathyroid gland was removed and 
pieces of it were immediately autografted because it 
was known that three large parathyroid glands had 
been removed previously. In six patients it was not 
clear whether the identified parathyroid gland(s) was 
the only remaining parathyroid tissue, therefore, the 
parathyroid(s) was resected and slivers were cryopre- 
served and subsequently autografted under local 
anesthesia when it became evident that the patient 
had been rendered aparathyroid. Patients were studied 
preoperatively and postoperatively on the General 
Clinical Research Unit and all 36 were evaluated within 
six months of submission of this manuscript. 


Technique of Parathyroid Autotransplantation 


The parathyroid tissue was removed and im- 
mediately placed into a sterile ice bath containing either 
Waymouth’s MB752/1 tissue culture media (early in 
the series) or normal saline (later in the series). After 
obtaining frozen section confirmation of each gland, the 
smallest parathyroid was sliced into slivers measuring 
approximately 1 x 1 x 3 mm. These were maintained 
at 4 C. The nondominant forearm was prepared, draped 
sterilely and stabilized in the supine position. An in- 
cision was made and 15-20 parathyroid pieces were 
implanted intramuscularly. Each parathyroid piece was 
embedded in a single pocket and the overlying super- 
ficial fascia and muscle were closed with nonabsorbable 
suture. The technique has been described previously.!? 


Technique of Cryopreservation 


The parathyroid tissue was removed from the neck, 
placed in a sterile ice bath and 30—40 slivers were pre- 
pared as described. These were transported to the 
laboratory and placed into three or four one-dram vials 
(10 slivers to a vial) containing 10% dimethyl sulfoxide, 
10% autologous serum and 80% Waymouth’s MB752/1 
tissue culture media. These were then placed in the 
liquid nitrogen freezing compartment of a controlled 
rate freezer (Linde BF-4/6 Biological Freezing System; 
Linde Division, Union Carbide, Indianapolis, IN) and 
frozen at —1 C per minute to —80 C. The vials were 
then transported immediately into an LR 1,000 liquid 
nitrogen storage freezer (Linde Division, Union 
Carbide) where they were maintained at —170 C. 


Postoperative Evaluation 


In most patients the serum calcium concentration 
fell to 6.5—7.5 mg/dl within three to four days after 
surgery at which time dihydrotachysterol (0.625 mg a 
day) and glubionate calcium (15 cc four times a day) 
were begun. For severe symptoms of hypocalcemia, 
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which developed in some patients, calcium gluconate 
was administered intravenously. As soon as the serum 
calcium concentration reached 8 mg/dl the patients 
were discharged on glubionate calcium and a reduced 
dosage (0.125 mg a day) of dihydrotachysterol. Pa- 
tients were then evaluated biweekly and in most cases 
the dihydrotachysterol was discontinued four weeks 
and the glubionate calcium six weeks after surgery. 
Thereafter. patients were evaluated at six month inter- 
vals for one year and then were seen yearly. At each 
visit the serum calcium concentration was measured 
and parathyroid graft function was evaluated by de- 
termining the concentration of PTH in the antecubital 
vein of the grafted arm and comparing it to that in the 
nongrafted arm. 


Determination of Serum Calcium 


The serum calcium concentration was determined by 
atomic absorption spectrophotometry (Model 151, 
Instrumentation Laboratory, Inc., Wilmington, MA). 
The normal range of serum calcium determined by 
evaluating 134 normal control subjects in our geo- 
graphic area was 8.5 to 10.2 mg/dl. 


Determination of Parathyroid Hormone 


Carboxy-terminal parathyroid hormone (C-PTH) 
levels in plasma were determined by a radioimmuno- 
assay of the classical limited reagent type in which 
labeled and unlabeled PTH compete for limited binding 
sites on specific antibodies. The guinea pig anti- 
serum (GP 468) used has predominant specificity for the 
carboxy-terminal portion of the bovine PTH molecule 
(amino acids, 52-84). Two-hundred microliter plasma 
samples were incubated with 200 ul barbital buffer 
(0.025 M barbital, 0.025 M EDTA, 5% Trasylol, 0.5% 
bovine serum albumin and 0.025% Merthiolate, pH 8.6) 
containing anti-PTH antiserum (1:500,000) for three 
days in the cold. Then 100 4l of bovine PTH, "I 
(6,000 CPM) was added for an additional three days of 
incubation. Separation of antibody-bound PTH from 
free PTH was made with an additional overnight in- 
cubation with a goat anti-guinea pig second antibody 
system. After centrifugation, pellets and supernatants 
were counted and bound/free (B/F) ratios were com- 
puted. The unknown B/F values were interpolated into 
a standard curve constructed with serial dilutions of 
bovine PTH. The standards were exactly calibrated 
against an international reference preparation. * Non- 
specific plasma interference in the assay was corrected 
for by assaying PTH-depleted aliquots of each un- 


* We are grateful to the W.H.O. International Laboratory for 
Biologic Standards for their provision of the International Reference 
preparation. 
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known (prepared by QUSO-microfine silica extrac- 
tiont). Nonspecific dose values were subtracted from 
total dose to obtain the true dose of PTH reported. 

The amino-terminal (N-PTH) assay was similar to the 
carboxy-terminal assay except the guinea pig antisera 
(GPC-I) had predominant specificity for the N-terminal 
portion of the PTH molecule (amino acids 1-34). 
One hundred microliter plasma samples were incubated 
with 200 wl barbital buffer (0.02 M barbital, 5% Trasy- 
lol, 0.5% bovine serum albumin, 0.01% Merthiolate, 
pH 8.6) containing anti-PTH antiserum (1:30,000) for 
three days in the cold. Then 100 ul human synthetic 
1-34 '"?[ (2,500 CPM) was added for an additional 
three days of incubation. Separation of antibody-bound 
PTH from free PTH and calculation of unknown PTH 
concentrations were made as with the carboxy-terminal 
assay; synthetic human 1-34 PTH was used for 
reference standard. 


Results 
Postoperative Evaluation 


In 35 (97%) of the 36 patients, the serum calcium 
concentration dropped to 6.5—7.5 mg/dl within three to 
ten days postoperatively. In six patients, the fall in 
serum calcium was gradual and no supplemental cal- 


t We are grateful to the Philadelphia Quartz Corporation. Valley 
Forge, PA, for providing this material. 
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RPAG -LA 
(7,8,9) 


Fic. 1. The course of three 
patients with familial hypo- 
calciuric, hypercalcemic 
hyperparathyroidism  fol- 
lowing total parathyroid- 
ectomy and autotransplan- 
tation. Intravenous calcium 
therapy was required briefly 
in the postoperative period 
(shaded area). Each of these 
patients subsequently de- 
veloped graft dependent 
hyperparathyroidism and 
the serum calcium concen- 
tration returned to normal 
in two (one is intermittently 
hypercalcemic) after partial 
graft resection. Total 
PX: total parathyroidectomy, 
PAG-LA (15): transplanta- 
tion of IS slivers of para- 
thyroid tissue to the left 
arm, RPAG-LA (7, 8, 9): 
resection of 7, 8, and 9 
pieces of parathyroid auto- 
graft from the left arm in 
the three patients. 





Moy2426 28 30 ) 


1979 days mos 


cium and vitamin D were administered. Each of the six 
patients currently has a serum calcium concentration 
between 8.3 and 10 mg/dl. 

In three patients (Fig. 1) intravenous calcium glu- 
conate was required when marked hypocalcemia de- 
veloped on the fourth postoperative day. Oral replace- 
ment therapy was not given and the serum calcium 
concentration increased to normal following termina- 
tion of intravenous therapy. Each of these patients 
had FHHH and subsequently developed graft de- 
pendent hypercalcemia (Fig. 1). 

Two (5.6%) of the 36 patients became permanently 
hypoparathyroid and required replacement therapy. 
One of these patients had MEN I and following para- 
thyroidectomy with autotransplantation, a total gas- 
trectomy was performed for the Zollinger-Ellison 
syndrome. Even though this patient had evidence of 
parathyroid hormone secretion from his graft and was 
administered large amounts of oral calcium and vitamin 
D therapy, his serum calcium never rose above 8.5 
mg/dl, possibly due to calcium malabsorption. The 
other patient had multiple endocrine neoplasia type II 
and developed hyperparathyroidism subsequent to a 
total thyroidectomy for medullary carcinoma. Parathy- 
roid tissue was resected and frozen and the patient 
was subsequently grafted but there was no evidence 
of tissue function either clinically or biochemically. 
In one patient (3%), the serum calcium concentra- 
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tion did not fall postoperatively, presumably the result 
of an undetected supernumerary parathyroid gland. 
The remaining 24 patients required transient replace- 
ment therapy for 1.5 + 2.2 months (range: 1—10 months). 

A sustained differential elevation (13.7 fold + 2.7, 
SEM) of PTH (grafted compared to nongrafted ante- 
cubital vein plasma) was documented in 35 (97%) pa- 
tients following autotransplantation and the PTH level 
in antecubital vein blood from the grafted arm in- 
creased with time (Fig. 2). 

Of the 21 patients undergoing first surgery for hyper- 
parathyroidism, postoperative hypercalcemia de- 
veloped in seven (64%) of 11 patients with FPH and 
in none of the ten patients with NFPH (Fig. 3). Of nine 
patients with persistent or recurrent hyperparathy- 
roidism who were re-explored and who had parathyroid 
glands resected and immediately autografted, three 
(3396) (one with FPH and two with NFPH) developed 
postoperative hypercalcemia. None of the six patients 
who were re-explored and later autografted with cryo- 
preserved parathyroid tissue developed hypercalcemia 
postoperatively (Fig. 3). 

Excluding the two patients who required permanent 
replacement therapy and the one patient with persistent 
postoperative hypercalcemia, graft dependent hyper- 
parathyroidism developed in ten (3092) of 33 patients. 
Eight of the patients were from the group with FPH 
(8/14, 57%) and two were from the group with NFPH 
(2/19, 11%; FPH versus NFPH, p < 0.005). 

In five (4 with FHHH and 1 with NFPH) of the 10 
patients with recurrent graft dependent hypercalcemia, 
approximately half of the transplanted parathyroid tis- 
sue was resected. Currently the serum calcium con- 
centrations are normal (9.9, 9.7. 8.7 and 8.5 mg/dl) 
in four of these patients and borderline elevated (10.2 
mg/dl) in one patient. Five of the ten patients have 
developed recurrent but mild hypercalcemia in the 
last six to nine months and will probably require par- 
tial graft resection in the future. 


Discussion 


Since our first report of total parathyroidectomy 
and autotransplantation in patients with primary para- 
thyroid hyperplasia, concern has been voiced regard- 
ing its use.*!? It was questioned whether the incidence 
of recurrent hyperparathyroidism or of hypoparathy- 
roidism was sufficiently high following three and one- 
half gland parathyroidectomy to merit consideration 
of an alternative technique. It was feared that many 
patients would experience prolonged hypocalcemia 
postoperatively and that parathyroid graft failure would 
frequently occur. It was also felt that should a super- 
numerary parathyroid gland be present, its manage- 
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FriG. 2. Serial parathyroid hormone levels in the antecubital vein 
plasma of the grafted arm depicted as a function of time. All of the 
patients depicted had familial parathyroid hyperplasia. 


ment would be complicated by the existence of func- 
tioning parathyroid tissue at the transplant site. Our 
data show that these concerns are largely unwar- 
ranted. Parathryoid tissue can be successfully auto- 
grafted in virtually all patients and there is a very 
low incidence of late graft failure. In only two (5.692) 
of the 36 patients did the parathyroid autograft fail 
to maintain the host in a normocalcemic state and one 
of these had a functioning parathyroid graft as deter- 
mined by PTH measurements but remained hypo- 
calcemic despite supplementation with large amounts 
of vitamin D and calcium. In the other patient there 
apparently was a technical error in freezing and the 
grafted tissue did not function. 

The length of replacement therapy is no more than 
four to six weeks in most patients and nine (2792) of 
33 patients with functioning grafts never required oral 
vitamin D or calcium supplementation. The apparent 
length of time for vascular ingrowth and graft func- 
tion to develop is approximately 10—20 days follow- 
ing implantation. This observation closely parallels our 
previous studies in experimental animals.'? The 
presence of an undetected fifth gland can be inferred 
from the absence of the characteristic hypocalcemia 
developing immediately after parathyroidectomy. 

With time there appears to be a progressive in- 
crease in the PTH level measured in antecubital vein 
blood emanating from the grafted arm. Furthermore, 
ten (3376) of the 33 patients with functioning grafts 
have already developed graft dependent hypercal- 
cemia. Recurrent hypercalcemia has occurred in 100% 
of our patients with familial hypocalciuric, hypercal- 
cemic hyperparathyroidism. These problems can be 
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FiG. 3. Serum calcium concentrations (mg/dl) of patients with pri- 
mary hyperparathyroidism due to generalized parathyroid hyper- 
plasia who were undergoing parathyroidectomy and autotransplanta- 
tion. The open triangles — patients with familial hypocalciuric, 
hypercalcemic hyperparathyroidism. Open circles: patients with 
MEN I or MEN II. Closed circles: patients with nonfamilial 
parathyroid hyperplasia. Circle within a circle: the patient with per- 
sistent postoperative hyperparathyroidism. N: number of patients in 
each group and the numbers in the lower part of each column de- 
note the average length of follow-up + SEM (in months) since para- 
thyroid grafting. 


relatively easily corrected by resecting a portion of the 
autografted parathyroid. All five patients with graft- 
dependent hypercalcemia who were treated by partial 
graft resection became normocalcemic; however, one 
is currently intermittently hypercalcemic. 

If parathyroid autografts had not been performed 
in the 15 patients re-explored for hyperparathyroidism, 
they would have been rendered aparathyroid. The 
method for cryopreserving parathyroid tissue allows a 
margin of safety whereby the surgeon may observe the 
course of the patient following parathyroid gland 
resection and then autograft tissue if it becomes ob- 
vious that the patient is aparathyroid. The length of 
time following reoperation at which patients should be 
maintained on replacement therapy before transplant- 
ing cryopreserved tissue is at present unclear. All of our 
patients have been grafted between two and six months 
following parathyroidectomy. 

The technique of parathyroid autotransplantation 
with or without cryopreservation offers great utility 
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to the surgeon in treating patients with primary hyper- 
parathyroidism. Our results suggest that it may provide 
the optimal therapy in subjects with familial hyper- 
parathyroidism and in patients undergoing re-explora- 
tion for persistent or recurrent hyperparathyroidism. 
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DISCUSSION 


Dr. MELVIN A. BLock (La Jolla, California): We question that 
total parathyroidectomy with autotransplantation will significantly 
improve results if used for all patients with primary parathyroid hyper- 
plasia. This concern is based on two observations. First, our ex- 
perience with subtotal parathyroidectomy for primary parathyroid 
hyperplasia indicates reasonably favorable results. Second, although 
total parathyroidectomy and autotransplantation should be appli- 
cable particularly for patients in whom all parathyroid glands are 
greatly enlarged, there is a wide spectrum of varied enlargement 
of parathyroid glands in patients with primary parathyroid hyper- 
plasia, making subtotal parathyroidectomy technically attractive as 
well as, in our experience, usually corrective. 

Our experience at Henry Ford Hospital and supported by more 
recent evidence at the Scripps Clinic indicates a 14% recurrence 
or persistence after subtotal parathyroidectomy for 44 patients with 
primary parathyroid hyperplasia caused by gross enlargement of 
at least three parathyroid glands. The follow-up period extended 
from one to 19 years with an average of nearly five years. The 
subtotal parathyroidectomy consisted in the removal of all except 
for an estimated 30—100 mg of viable parathyroid tissue. Evidence 
of the multiple endocrine neoplasia 1( MEN-1) syndrome was pres- 
ent in three of six patients showing recurrent or persistent hyper- 
parathyroidism. Subtotal parathyroidectomy has controlled the pri- 
mary hyperparathyroidism in four additional patients with evidence 
of familial hyperparathyroidism not associated with features of the 
MEN-1 syndrome. 

We agree that the greatest problem in the control of primary para- 
thyroid hyperplasia occurs in patients with the MEN-1 syndrome. 
Three of the six patients with the MEN-1 syndrome we have operated 
on have had recurrence or persistent hypercalcemia, recurrence in 
a patient being recognized 18 years after operation. The other prob- 
lems in the control of hyperparathyroidism in primary parathyroid 
hyperplasia relate to identification and removal of hyperplastic 
supernumerary parathyroid glands and the presence of complicating 
chronic renal insufficiency. If patients with MEN-1 are eliminated 
from our series of patients treated with subtotal parathyroidectomy, 
the recurrence or persistence rate would be approximately only 8%. 

It should also be emphasized that primary parathyroid hyper- 
plasia is associated with a wide spectrum of the degree of enlarge- 
ment of parathyroid glands. Enlargement of all parathyroid glands 
is not present in all patients, but it is this group that does present 
technical difficulty in preserving the proper amount of viable para- 
thyroid tissue if subtotal parathyroidectomy is performed. Twenty- 
five of our 44 patients had diffuse enlargement of all parathyroid 
glands, with the fourth parathyroid gland being normal in size or 
only slightly enlarged in 19 patients. 

Currently we follow a policy of selective total parathyroidectomy 
with autotransplantation for primary parathyroid hyperplasia. Total 
parathyroidectomy with autotransplantation is advocated for three 
groups of patients, including those with evidence of the MEN-1 
syndrome, those with severe enlargement of all parathyroid glands 
making preservation of a viable properly sized remnant technically 
difficult and those requiring reoperation for persistence or recur- 
rence not caused by a large supernumerary parathyroid gland. Freez- 
ing of parathyroid tissue is advocated for use if needed later to 
correct permanent hypoparathyroidism. 

Do Dr. Wells and his associates advocate total parathyroidectomy 
and autotransplantation for patients with enlargement of less than 
four glands as a manifestation of primary parathyroid hyperplasia? 
Have they had experiences with the use of cimetidine in controlling 
the release of parathyroid hormone and hypercalcemia for those 
problem cases, especially if hypercalcemia is mild? 


DR. ARNOLD G. DiETHELM (Birmingham, Alabama): I would like 
to direct my comments toward using a similar procedure, but for 
a different disease, that disease being secondary hyperparathyroid- 
ism as a result of chronic renal failure. At the University of Alabama 
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from 1975 until 1980, we operated on 62 consecutive patients with 
chronic renal failure and renal osteodystrophy with secondary hyper- 
parathyroidism. We have used a modification of Dr. Wells’ proce- 
dure, described earlier by Dr. Starzl and colleagues wherein instead 
of placing the autografted implant in the forearm, we place it in 
the sternocleidomastoid muscle. 

We have studied and followed all of these patients, ten of whom 
had the operation and subsequently had renal allografts, and then 
had normal serum calcium levels. That was a true test of whether 
or not the implant was functioning. 

The second group that was of interest to us was five patients that 
had this procedure after successful renal transplantation; in other 
words, the operation was for tertiary hyperparathyroidism. In that 
particular group we also had normal serum calcium levels after the 
operation. 

Would Dr. Wells elaborate a bit more on the size of the autograft 
in the forearm? Recognizing that we use the operation for a different 
disease, we have used an implant of 10—20 mg, and I believe he said 
50—100 mg. That might play a role in the recurrence of the disease 
or the graft-dependent hyperparathyroidism. 

Does Dr. Wells have any information as to the activity of the 
parathyroid hormone levels at days seven, 14 and 21 after the im- 
plantation? In patients with secondary hyperparathyroidism in many 
instances it takes several weeks to replace serum calcium. recog- 
nizing that this is undoubtedly caused by a large calcium deficit 
in the skeletal system. 


DR. DONALD S. GANN (Providence, Rhode Island): Our experience 
has been very much like that of Dr. Block, in that we have had a 
low incidence of recurrence with three and one-half gland resection. 
Our only exceptions to that experience thus far have been in patients 
with familial disease. I wonder if Dr. Wells and his colleagues have 
any clue as to what is different about the patients with familial 
disease that makes them likely to have a recurrence. 

Aurbach and his colleagues have described over the past several 
years neural control of parathyroid secretion, probably under beta- 
adrenergic control. It seems to me that because of the autotrans- 
plantation, Dr. Wells has an unusual opportunity to study the control 
of parathyroid hormone secretion in what might be a denervated 
gland. 

I wonder, first, if you know from the specimens that you have 
removed whether, in fact, there is regrowth of nervous tissue into 
these transplanted segments; and second, is there anything peculiar 
about the control of PTH secretion in the transplanted gland? 


DR. SAMUEL A. WELLS, JR. (Closing discussion): Regarding Dr. 
Block's statements, one fairly clear difference ought to be made 
when one speaks of parathyroid hyperplasia. There are patients who 
have two or three large glands and their management is confusing, 
primarily because there are few published reports of postoperative 
evaluation of such patients. All of the patients presented in this study 
have four large parathyroid glands. These are not patients who were 
found at operation to have either two or three glands enlarged. 

Also, I have appreciated the fact that there has been a high in- 
cidence of recurrent hypercalcemia after subtotal resection in pa- 
tients with familial hyperparathyroidism, as mentioned by Dr. Block 
and Dr. Gann. I would concede that there are patients with non- 
familial hyperplasia who might not need to have total parathyroidec- 
tomy and autotransplantation. If you recall from the presented slides, 
there was absence of recurrent hypercalcemia in patients with non- 
familial hyperplasia who were undergoing operation for the first time. 
It is bothersome, however, that in patients having three and one-half 
gland resection for generalized parathyroid enlargement there is a 
rather substantial incidence of hypocalcemia. Edis recently reported 
55 patients at the Mayo Clinic who were treated for parathyroid 
hyperplasia by three and one-half gland resection. The incidence 
of permanent hypoparathyroidism was 5%: however, transient hypo- 
parathyroidism occurred in 27% of the group. The average length 


458 WELLS AND OTHERS 


of replacement therapy required was ten months, and up to two years 
in some patients. 

Castleman's group recently reported the experience at the Mas- 
sachusetts General Hospital of patients undergoing operation for 
chief cell parathyroid hyperplasia. The incidence of permanent hypo- 
parathyroidism in patients followed beyond one year was 15%. 

None of the patients with nonfamilial disease reported in this 
study had hypoparathyroidism. 

We have not had any experience with cimetidine, so I cannot 
comment on its use in patients with either markedly elevated or 
minimally increased serum calcium concentrations. 

Dr. Diethelm presents an extensive experience of managing sec- 
ondary hyperparathyroidism in patients with renal osteodystrophy. 
His results have been excellent, and I would only argue for implant- 
ing the parathyroid tissue in the forearm rather than the sterno- 
cleidomastoid muscle. If graft-dependent hyperparathyroidism de- 
velops, the tissue is easily accessible and can be removed under 
local anesthesia. General anesthesia would be required for excising 
parathyroid tissue grafted to the sternocleidomastoid muscle. 

The graft size of each parathyroid piece is 1 x 1 x 3 mm and 
the total weight of the entire amount of 15-20 pieces ranges between 
75 and 90 mg. The amount of parathyroid tissue grafted is similar 
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to that described as remaining after three and one-half gland 
parathyroidectomy. 

We have not studied parathyroid autografts soon after implanta- 
tion. We have detected gradients of parathyroid hormone between 
the grafted and nongrafted arms as early as seven days. If one follows 
these patients beyond seven days to two weeks, almost all of them 
have parathyroid graft function sufficient to allow termination of 
oral calcium and vitamin D replacement therapy. A substantial num- 
ber of patients in our group did not require replacement therapy 
after total parathyroidectomy and grafting. 

Regarding Dr. Gann's comments, we have not looked closely at 
all aspects of parathyroid graft function. This is a nice model to 
study PTH secretion, because one samples venous blood just 2 or 3 
cm from the grafted tissue. 

This technique of total parathyroidectomy and autotransplanta- 
tion is useful. I am not sure of its place in patients with nonfamilial 
parathyroid hyperplasia. It is often difficult, however, to make this 
categorization preoperatively or intraoperatively. A distinct advan- 
tage seems to be that patients with parathyroid disease are spared 
a seemingly high incidence of hypocalcemia and, of course, if graft- 
dependent hypercalcemia develops, it is more easily corrected with 
the tissue in the forearm. 


A Portal Factor Influences Serum Calcium Homeostasis 


CHEN-HSEN LEE, M.D.,* EDWIN L. KAPLAN, M.D.,t JEFFREY SUGIMOTO, M.D.,t HUNTER HEATH, III, M.D. 


In order to evaluate the importance of a portal factor in 
serum calcium homeostasis, end-to-side portacaval shunts were 
performed in groups of adult, male Lewis rats either before 
or after parathyroidectomy. Subsequent changes in serum 
calcium values were followed. When parathyroidectomy was 
performed orte day or 28 days after a portacaval shunt, hypo- 
calcemic changes occurred soon after. However, in these 
shunted, parathyroidectomized animals which were main- 
tained on a normal calcium diet the serum calcium con- 
centrations soon began to rise and by three weeks after 
operation the rats became normocalcemic. In animals which 
had a portacaval shunt performed three days after para- 
thyroidectomy, the serum calcium levels again rose and 
became normal in approximately three weeks. In the shunted, 
parathyroidectomized animals, both the serum calcium and 
phosphorus concentrations remained normal as long as the 
rats were maintained on a normal calcium diet. When a low 
calcium diet was introduced, marked hypocalcemia occurred 
and serum parathyroid hormone values were barely detectable, 
both of which attest to the completeness of parathyroidectomy. 
These data support the hypothesis that following portacaval 
shunt, a calcium elevating factor, which is similar in action 
to parathyroid hormone but is not PTH itself, bypasses the 
liver and becomes effective in the systemic circulation. It acts 
to correct the hypocalcemia and hyperphosphatemia of para- 
thyroidectomized rats. The possible role of various known 
gastrointestinal factors in this process is discussed. 


HE IMPORTANCE OF A PORTAL factor in serum cal- 
T cium regulation has not been completely defined. 
Recently, Pfeffermann and associates!? reported that 
the hypocalcemia of parathyroidectomized rats could 
be completely corrected by portacaval shunt and that 
hypocalcemia could be prevented if portacaval shunt 
were done prior to the parathyroidectomy. The present 
study was designed to clarify and to further elucidate 
the importance of the factor from the splanchnic 
circulation on serum calcium homeostasis. 





Presented at the Annual Meeting of the American Surgical 
Association, Atlanta, Georgia, April 23-25, 1980. 
* Current address: Department of Surgery, Veterans General 
Hospital, Taipei, Taiwan. 

* Department of Surgery, University of Chicago, Chicago, Illinois. 

t Endocrine Research Unit, Mayo Clinic, Rochester, Minnesota. 

Reprint requests: Edwin L. Kaplan, M.D., Box 402, Department 
of Surgery, The University of Chicago, 950 East 59th Street, 
Chicago, Illinois 60637. 

Supported in part by U.S.P.H.S. grants No. AM19942, AM19607 
and by a generous gift from the Nathan and Frances Goldblatt 
Cancer Research Foundation. 


From the Department of Surgery, University of Chicago 
Pritzker School of Medicine, Chicago, Illinois and 

the Endocrine Research Unit, Division of Endocrinology 
and Metabolism, Mayo Clinic, Rochester, Minnesota 





Materials and Methods 


Male, 200-250 g Lewis rats were studied after re- 
ceiving one or more of the following operations: 


Parathyroidectomy 


Total parathyroidectomy was performed after 
visualizing these glands with a dissecting microscope. 
Each parathyroid gland was excised from the thyroid 
bed either by itself or with a small amount of the upper 
pole of the thyroid lobe. 


Sham Neck Operation 


This procedure duplicated the parathyroidectomy 
in every detail of mobilization and dissection. How- 
ever, neither parathyroid nor thyroid tissue was 
resected. 


Portacaval Shunt 


End-to-side portacaval shunts were performed using 
magnification with an optical loupe and employing 
microsurgical techniques, as previously described by 
Kaplan and co-workers.? The average occlusion time of 
the portal vein was between 15 and 20 minutes. Im- 
mediate patency of the shunt was assessed by the 
return of normal splanchnic circulation after removal 
of the vascular clamp from the portal vein. Chronic 
patency of the shunt was evaluated at postmortem 
examination. 


Sham Abdominal Operation 


In order to simulate the portacaval shunt operation, 
vascular clamps were placed on the vena cava and 
portal vein for 20 minutes after laparotomy. The fol- 
lowing experiments were then performed on the ex- 
perimental animals: 
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1) The effect of end-to-side portacaval shunt per- 
formed one day or 28 days before parathyroidec- 
tomy, on serum calcium homeostasis. Either an end- 
to-side portacaval shunt or a sham abdominal 
laparotomy was performed in each of 85 Lewis rats. 
One day or 28 days later, a total parathyroidectomy 
or a sham neck operation was then performed in the 
same animals. Three groups of experimental animals 
were studied: 


Portacaval shunt followed by parathyroidectomy 
(PC + PTX) 

Portacaval shunt followed by sham neck operation 
(PC + Sham) 

Sham laparotomy followed by parathyroidectomy 
(PTX + Sham) 


2) The effect of portacaval shunt, performed three 
days after parathyroidectomy, on serum calcium 
homeostasis. In this experiment 17 rats were first 
parathyroidectomized. Then, three days later, at the 
time of maximum hypocalcemia either a portacaval 
shunt or a sham abdominal laparotomy was per- 
formed. The following groups of animals were 
studied: 


Parathyroidectomy followed by portacaval shunt 
(PTX + PC) 

Parathyroidectomy followed by sham laparotomy 
(PTX + Sham) 


Blood samples were obtained from the tail veins of 
the rats at frequent intervals. When larger volumes of 
blood were needed, the samples were collected from a 
jugular vein. Serum calcium and phosphorus concen- 
trations were determined by atomic absorption spectro- 
photometry and by a colorimetric method using the 
Hycel phosphorus reagent method,§ respectively. 
Serum protein levels were determined by a modified 
biuret method.§ Serum total thyroxine concentrations 
were performed using a competitive binding technique, 
and free thyroxine index values were calculated." 
Serum parathyroid hormone was measured by a re- 
duced volume radioimmunoassay which has been 
previously described.*:'* Murine iPTH values are ex- 
pressed as nanogram-equivalents of a partially purified 
preparation of human PTH per milliliter. 

The rats were maintained on tap water and a standard 
rat chow diet (Teklad 4% Mouse and Rat Diet) which 
contains calcium, 2.06% and phosphorus, 0.92%. At 
specified intervals a low calcium diet (Teklad Low 
Calcium Test Diet, which contains calcium, 0.005%) 
was used. The phosphorus concentrations of this meal 
was adjusted to 0.92%, to match the phosphorus 
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content of the regular chow diet. The rats were not 
fasted prior to the collection of the blood samples. 

Statistical analyses were performed using Student's 
t-test. 


Results 


Each group of rats that were used had serum total 
thyroxine concentrations and free thyroxine index 
values that did not differ statistically from those of 
our normal animals. 

The effect of portacaval shunt done one day before 
parathyroidectomy was first studied (Fig. 1). In animals 
which received a portacaval shunt and a sham nec* 
operation (PC + Sham), the serum calcium values 
remained normal throughout the experiment although 
some variation occurred. In animals which were 
parathyroidectomized and had a sham abdominal 
laparotomy (PTX + Sham), an initial fall of serum 
calcium levels to 7.0 mg/dl occurred and hypocalcemia 
remained throughout the duration of the experiment. 
When parathyroidectomy was performed in rats which 
had a portacaval shunt one day previously (PC 
+ PTX), an early fall of the serum calcium concentra- 
tion occurred which did not differ from that of para- 
thyroidectomized rats without the shunt. However, soon 
after, the serum calcium began to rise. By three weeks 
the calcium values of these rats became normal and 
thereafter could not be distinguished statistically 
from those found in PC + Sham animals. 

The effect of PC shunt done 28 days before 
parathyroidectomy was then studied (Fig. 2). Once 
more, the performance of a portacaval shunt (PC 
+ Sham) did not significantly change the serum calcium 
concentration from normal during the time period 
which was studied. When parathyroidectomy without a 
portacaval shunt operation (PTX + Sham) was per- 
formed, a fall of serum calcium of greater than 3 mg/dl 
occurred and the hypocalcemia persisted for the 
duration of the study. In contrast, when a parathy- 
roidectomy was performed in rats that had a portacaval 
shunt done 28 days before (PC + PTX), a maximum 
fall of the serum calcium level of only 2.2 mg/dl 
occurred (p — 0.01 when compared to the maximum 
fall of serum Ca concentration of the PTX + Sham 
group). Furthermore, within several days the mean 
serum calcium concentration of the PC + PTX rats 
began to rise and by 17 days after parathyroidectomy 
the animals in this group became normocalcemic and 
remained so as long as they were maintained on a 
normal calcium diet. 

The effect of portacaval shunt done three days after 
parathyroidectomy was then studied (Fig. 3). Follow- 
ing parathyroidectomy, the mean serum calcium 
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Fic. |. The effect of an end 
to side portacaval shunt, 
performed one day before 
parathyroidectomy on se- 
rum calcium homeostasis in 
adult, male Lewis rats which 
were maintained on a nor- 
mal calcium diet. Experi- 
mental groups include por- 
tacaval shunted animals with 
sham-neck operations (PC 
+ Sham); portacaval shunted, 
parathyroidectomized ani- 
mals(PC + PTX); and para- 
thyroidectomized animals 
which had a previous sham 
abdominal laparotomy (PTX 
+ Sham). Note that in the 
PC + PTX rats the serum 
calcium values returned to 
normal within a three week 
period after parathyroid- 
ectomy. 


Serum Ca 
(mg/dl) 


-24hrs 


concentration decreased by 3.4 mg/dl on the third 
postoperative day. At that time, either a sham lapa- 
rotomy or a portacaval shunt was performed. In the 
PTX + Sham group the serum calcium levels remained 
low throughout the remaining six weeks of the study. 
In the portacaval shunt rats (PTX + PC), however, 
the serum calcium levels gradually increased. Once 
more, by approximately three weeks after the shunt 
the concentration of serum calcium normalized and 
remained so for the remainder of the experiment. 
Twelve weeks after the initiation of the various 


FıG. 2. The effect of an 
end to side portacaval shunt 
done 28 days before para- 
thyroidectomy on serum cal- 
cium homeostasis. Note that 
in the portacaval shunted, 
parathyroidectomized (PC 
+ PTX) group, the initial 
fall of serum calcium was 
less than expected and that 
within three weeks after 
parathyroidectomy serum 
calcium values had returned 
to normal. 
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studies, the rats were evaluated again while they 
were eating a normal calcium diet (Table 1). As ex- 
pected, portacaval shunt rats (PC + Sham) had normal 
calcium and phosphorus values and parathyroidec- 
tomized rats (PTX + Sham) were hypocalcemic and 
hyperphosphatemic. Of interest is the fact that the por- 
tacaval shunt, parathyroidectomized rats (PC + PTX) 
exhibited not only normal serum calcium values, but 
their serum phosphorus concentrations were normal, 
as well. 

When these same rats were placed on a low calcium 
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FiG. 3. The effect of a 
portacaval shunt performed 
three days after parathy- 
roidectomy on serum cal- 
cium homeostasis. Serum 
calcium values returned to 
normal within three weeks 
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diet for two weeks (Table 2), PC + Sham animals, 
which had intact parathyroid glands, secreted consider- 
able parathyroid hormone and maintained serum 
calcium values at normal levels. On the otherhand, 
each group of parathyroidectomized rats exhibited 
extremely low serum calcium concentrations which 
were associated with parathyroid hormone values 
which were barely detectable, whether or not a porta- 
caval shunt had been previously performed. Neither 
the serum calcium, nor PTH values differed between 
these two groups of parathyroidectomized rats; how- 
ever, both of these parameters were statistically 
lower(p < 0.001) than those of the PC + Sham animals. 


Discussion 


These studies clearly demonstrate that portacaval 
shunt alters the serum calcium changes which normally 


TABLE 1. Serum Calcium and Phosphorus Values 12 Weeks After 
Study, While Rats Were on a Normal Calcium Diet 


Serum Serum 
Operations Calcium, Serum PO,, Protein, 
(Number) mg/dl* mg/dl g/dl 
PTX + Sham (8) 7.6 + 0.177 8.4 + 0.481 TS 2007 
PC + PTX (16) 9.6 + 0.18 5.6 + 0.17 A3 = 014 
.PC + Sham (8) 9.7 + 0.15 4.5 + 0.19 6.8 + 0.17 


* Mean + SE. 
* p < 0.01, when compared to PC + Sham animals. 


shan following the portacaval 
(8) shunt in -the PTX + PC 
group. 
5 6 


follow parathyroidectomy in the rat. When a para- 
thyroidectomy was done in rats which had a portacaval 
shunt performed one day previously, the serum calcium 
concentration decreased as expected for the first 
few days but then gradually returned to normal about 
three weeks postparathyroidectomy and remained so 
for the duration of the experiment as long as a normal 
calcium diet was maintained. 

When a parathyroidectomy was performed in a group 
of rats which had a portacaval shunt performed one 
month previously, the initial maximum fall of serum 
calcium was not as great as expected. This suggests 
that an adaptive process may have occurred following 
the portacaval shunt in these animals. Once more, in 
these shunted, parathyroidectomized animals, the 
serum calcium levels returned to normal values within 
a three-week period and remained normal thereafter 
as long as they received a normal calcium diet. 


TABLE 2. Serum Calcium and Parathyroid Hormone Values 14 Weeks 
After Study, Following a Low Calcium Diet for Two Weeks 


Operations Serum Calcium, Serum PTH, 
(Number) mg/dl* ng-eq/mlz 
PTX + Sham (8) 4.8 + 0.237 45,7 € 257 
PC + PTX (16) 5.4 + 0.317 432 € LM 
PC + Sham (8) 9.6 + 0.21 66.6 + 3.5 
* Mean + SE. 


* p < 0.001, when compared to PC + Sham animals. 
i Values < 38 are considered nondetectable. 
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Finally, similar changes were noted in the group of 
animals in which a parathyroidectomy was performed 
first, and a portacaval shunt was then performed three 
days later. Following parathyroidectomy, all animals 
were hypocalcemic. However, in the shunted animals 
the serum calcium concentration became normal 
about three weeks after the portacaval shunt was 
performed, while in the PTX rats without a shunt the 
serum calcium remained low. 

Thus, our studies confirm the theses of Pfeffermann 
and co-workers’ that a portacaval shunt can both 
prevent and correct the hypocalcemia which occurs 
in parathyroidectomized rats. The two studies differ, 
however, in the fact that in our parathyroidectomized 
rats which had a portacaval shunt performed one month 
previously, it took about three weeks for the serum 
calcium values to return to normal, while in Pfeffer- 
mann 's study no fall in serum calcium values occurred 
in a similar group of animals. Perhaps these differences 
are due to the fact that while our animals were euthy- 
roid. Pfeffermann's rats were probably markedly 
hypothyroid since in their study most of the thyroid 
gland was intentionally removed at operation to ensure 
a total parathyroidectomy. 

What is the mechanism by which a portacaval shunt 
ameliorates the hypocalcemia of parathyroidectomy? 
Recently Al-Jurf and associates! studied this problem 
using an in vivo intestinal perfusion system in adult 
Sprague Dawley rats. They demonstrated that three 
weeks after parathyroidectomy, when the animals 
were hypocalcemic, their intestinal absorption of 
calcium was quite low. Animals which had a portacaval 
shunt alone were normocalcemic and had a normal 
rate of absorption of calcium from the gut. Rats which 
had both a portacaval shunt and a parathyroidectomy 
three weeks before had normal serum calcium levels. 
Of great interest is the fact that their intestinal absorp- 
tion of calcium was restored to normal. Finally they 
demonstrated that bone calcium increased in para- 
thyroidectomized rats due to a loss of bone resorption, 
but was normal in portacaval shunted, parathyroidec- 
tomized animals. These data, coupled with the fact that 
serum phosphorus metabolism was also restored to 
normal in our PC + PTX rats, are suggestive that 
portacaval shunt releases a factor into the systemic 
circulation which acts in a manner very similar to 
parathyroid hormone. 

Is there a gut-produced parathyroid hormone? 
Moossa and co-workers!! demonstrated that in some 
patients with both benign abdominal problems as well 
as others with pancreatic and other gastrointestinal 
neoplasms, the portal concentrations of parathyroid 
hormone exceeded the systemic values for this peptide. 
They suggested that this might be the result of produc- 
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tion of parathyroid hormone by an organ which drains 
into the portal vein. An alternate explanation might 
be that the portal blood had not yet passed through 
the liver, for this organ is known to be important in 
the metabolism of intact parathyroid hormone.*:!? 

In our studies it is very unlikely that parathyroid 
hormone mediated the changes in calcium and phos- 
phorus which occurred. When our parathyroidec- 
tomized rats were placed on a low-calcium diet (Table 2) 
their serum calcium concentrations fell to 5.4 mg/dl or 
less, a decrease of 4.2 mg/dl or greater when compared 
to their parathyroid intact counterparts. Furthermore, 
at the time of this hypocalcemia, circulating iPTH was 
barely detectable in the parathyroidectomized rats 
whether or not portacaval shunt had been performed. 
These data attest to the completeness of our para- 
thyroidectomies and also negate the possibility that 
parathyroid hormone is produced in the gastro- 
intestinal tract of the rat. 

Thus, other possible gut-related agents must be 
considered. The role of vitamin D in this process 
remains a fruitful area of study. The liver plays an 
important role in the hydroxylation of this sterol to an 
active metabolite, 25-OH,D,”. This and other vitamin 
D metabolites have known gastrointestinal and bone 
effects which modify serum calcium homeostasis. The 
effect of portacaval shunt on vitamin D metabolism 
remains unknown. Two known gastrointestinal pep- 
tides, secretin? and vasoactive intestinal polypeptide 
(VIP)? have been reported to elevate the serum calcium 
concentration under certain circumstances. 

Finally, we are intrigued by the possibility that a 
new peptide, which we call the calcium-elevating 
peptide (CEP),®* may play a role in this process. CEP 
has been extracted from both mammalian and avian 
pancreas. When injected into the rat it results in a 
dose-related rise in serum calcium levels up to 2mg/dl, 
within one and a half hours of its administration. Its 
effects are not mediated through secretion of para- 
thyroid hormone. In fact, in thyroparathyroidectomized 
rats the calcium-elevating action of this peptide is more 
prominent. Whether or not CEP plays a role in this 
process must await the development of a specific 
radioimmunoassay system for measurement of this 
peptide. 
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DISCUSSION 


Dr. TIMOTHY S. HARRISON (Hershey, Pennsylvania): The finding 
of the prevention of the hypocalcemia of acute parathyroidectomy 
by portacaval shunt is certainly a new one for me, although Dr. 
Kaplan was careful to give precedence to the observations having 
been made before. 

I find myself intrigued by the question of the role of the liver in 
inactivating parathyroid hormone. In fact, is there a clearance of 
parathyroid hormone by the liver, and is it possible that this could 
be lost when portacaval shunt is done, or is it lost at least in part? 
Were this true, one might expect that the metabolic turnover rate 
of parathyroid hormone reaching the cells themselves could be pro- 
longed in this situation of portacaval shunt, and explain the findings 
that Dr. Kaplan has brought to our attention, even though the plasma 
levels of the circulating parathyroid hormone themselves need not 
change. I am sure you have thought of this, and look forward to 
your telling us what you can about it. 

I also have a few questions about measuring parathyroid hormone 
content in the rat with the human antibody. Is the hormone the same 
molecule? It is something that we can do with abandon. or should 
we be careful to try and have an authentic antibody to rat para- 
thyroid hormone? 


Dr. STANLEY R. FRIESEN (Kansas City, Kansas): This paper sug- 
gests, first of all, that there is yet another substance emanating from 
within the portal system, presumably from the pancreas or anywhere 
from the gastroenteropancreatic system, just as there is another 
trophic factor for liver regeneration as suggested by Dr. Starzl. It 
seems that the pancreas is a virtual reservoir of humoral substances. 

The problem is that all the known cells in the pancreatic islets 
have now been accounted for with a hormone of their own, such as 
the alpha cell with glucagon; beta cell, insulin; delta cell, somato- 
statin; F cell, pancreatic polypeptide, and the enterochromaffin cell 
for serotonin. It is possible to suggest that APUD cells in this neuro- 
endocrine organ, the pancreas may revert back to their primitive 
APUD ability of totipotentiality and secrete polypeptides such as 
this calcium-stimulating factor, just as the pancreatic islets may se- 
crete gastrin in the Zollinger-Ellison syndrome, or ACTH, or even 
molecular parathyroid hormone, as I have described before. 

It is possible that this is a new factor, emanating in the portal 
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system somewhere, that needs to be identified. One way of getting 
to that point is to determine which molecular type of the possible 
parathyroid hormone you may be demonstrating in your experiment, 
because large molecular hormones can produce the same effects 
but are not picked up with the usual parathyroid hormone assay. 


Dr. EDWIN L. KAPLAN (Closing discussion): In recent years, 
new hormones and new peptide-secreting cells have been identified 
throughout the gastrointestinal tract. Some investigators think 
the gastrointestinal tract may ultimately prove to be the largest en- 
docrine organ in the body. 

In answer to Dr. Harrison’s question, the liver does play a role 
in the metabolism of parathyroid hormone, particularly in the me- 
tabolism of the intact parathyroid hormone molecule and of the 
N-terminal fragments. Hence, it is possible that some changes in 
serum calcium levels may occur after portacaval shunt due to changes 
in the metabolism of parathyroid hormone. However, it is unlikely 
in this experiment that the return of serum calcium levels from low 
to normal was the result of this mechanism. Parathyroidectomies 
were performed on all these rats; while serum PTH concentrations 
were detectable, they were much lower than those values found in 
normal rats with intact parathyroid glands. I agree that this mecha- 
nism should be studied further. 

Dr. Friesen raises the question of which cell of the pancreas or of 
the gastrointestinal tract produces this new peptide. I can not answer 
this question with our present knowledge. We know that CEP is 
found in crude extracts of mammalian and avian pancreas. However, 
before specific immunofluorescence studies can be meaningful to 
localize the cell of origin, we must have an antibody produced against 
a pure peptide. We are presently working on the purification of 
this peptide. 

We are intrigued by the possibility that a tumor exists in man 
which secretes this calcium-elevating peptide. It is well known, for 
example, that one-half to two-thirds of all patients with VIPomas 
which produce the WDHA ( Verner-Morrison) syndrome have hyper- 
calcemia as part of their presentation. This hypercalcemia is rarely 
caused by hyperparathyroidism, but it is thought to be caused by a 
substance secreted from the tumor. VIP does not appear to produce 
significant hypercalcemia. Perhaps this substance is CEP. My 
colleagues and I would be grateful if we could receive such a 
tumor from any of you, since they are extremely rare. Such a tumor 
might be helpful in our purification efforts. 
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Ativan (lorazepam) Injection . 
satisfies Important criteria for - 
successful premedication 

As confirmed in 


multicenter studies involving 
2631 patients 


Leavesthe patient sedated, Blocks or diminishes recall 

yet cooperative for 6-8 hours after a single injection 

In contrast to older preanesthetic medication, the majority of The majority of patients premedicated with Ativan Injection 

patients premedicated with Ativan Injection, though have difficultv remembering perisurgical events. This lack 

clinically sedated, are able to respond to simple instructions, of recall is relative, rather than absolute, as determined under 

whether they give the appearance of being awake or asleep. ` conditions of careful patient questioning and testing, using 
“memory cards" designed to enhance recall. ** 


Allays preoperative apprehension -" 7 
90 Percentage incidence of patients who could not 


Ativan Injection significantly reduces the level of recall memory cards, operating room or recovery 





preoperative anxiety. ^? It is especially useful in patients who golL 9 after 4 mg lorazepam IV" o 
suffer anticipatory anxiety and those who would prefer not i 
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Rated "highly acceptable" by most patients 
Theettect produced by Ativan Injection is rated as “highly - 
acceptable" by a majority of patients. When questioned after 
their operation, virtually all indicated thev would wish to 
Copyright © 1980, Wyeth Laboratories. All rights reserved. receive Ativan Injection again for any future surgery. ! 
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Effective IM and IV 


"Lorazepam may also fill the pressing need for a 


benzodiazepine with prompt and reliable clinical action when 


given by ztramuscular injection? ® And, in contrast to 
diazepam, the metabolism of Ativan i5 simple and does not 
involve long-acting metabolites. 


Vital signs—essentially normal 


In most patients, Ativan Injection has only minimal ettects on 
blood pressure, pulse and respiratory rate. Hvpertension 
(0.1%) and hypotension (0.176) have been reported very rarely. 


Little if any IV irritation 


In contrast to the thrombophlebitis frequently seen with 
older premedication, Ativan Injection when properly diluted 
has only minimal irritative or injurious effects on the veins. ' 
A painful response to IV injection was noted in 13 of 7 71 
patients (1.676), of whom 4 (0.5%) still complained of pain 

24 hrs later. ' 


Can be used with most anesthetic agents 


Ativan Injection can be used with atropine sulfate, narcotic 
analgesics, other parenterally used analgesics, commonly 
used anesthetics and muscle relaxants. Concomitant use with 
scopolamine is not advisable, since it may lead to increased 
sedation, hallucinations and irrational behavior. 


*emphasis added 


Ativan Injection is available 

in TUBEX® sterile cartridge-needle 
units for single use 

and in multiple-dose vials. 


References: 

1. Data on file, Wyeth Laboratories. 

2. Simpson PJ, Eltringham RJ: to be published. 

3. Conner JT, Parson N, Katz RL, et al: Clin Pharmacol Ther /9:24-29, 1976. 
4. Conner JT, Katz RL, Bellville JW, et al: J Clin Pharmacol /5:285-292, 1978. 
5. Heisterkamp DV, Cohen PJ: Br J Anaesth 47:79-81, 1975. 

6. Greenblatt DJ, Shader RI: N Engl J Med 299:1342-1344, 1978. 

7. Graham CW, Pagano RR, Conner JT: Anaesthesia 33:188-191, 1978. 


To arrange a showing of the film “Preoperative Medication 
and the Role of ATIVAN* (lorazepam) Injection,” call or write 
Wyeth or your Wyeth representative. 


New ATIVAN: 


194 


Wyeth Laboratories 


| j : Philadelphia, PA 19101 


TM 





LORAZEPAM) Œ 


INJECTION M or lV 


See important information on last page. 


An important new preanesthetic medication 
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DESCRIPTION: Ativan® (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. It has the chemical formula 7-chloro-5-(o-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each ml of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 ml polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) will produce loss of lid reflexes within 15 minutes. 

Stucies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mq. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation orsport. . 

INDICATIONS AND USAGE: In adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angle glaucoma. Intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE ANO ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcoho! and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
IV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 


PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 


information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than6 to 8 hours after surgery. 

Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug Interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/ Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an Enon study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-impiantation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section; therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regiona’ anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.396 (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 


Local Effects: IM orazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
1736 (146/859) in immediate postinjection period, and about 1.496 (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 296 (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.596 still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 
Cardiovascular System: Hypertension (0.196) and hypotension (0.196) were occasionally observed after patients 
received injectable lorazepam. 
Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 
Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 
DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electralytes may accelerate elimination of benzodiazepines. In addition, osmotic diu- 
retics such as manrito! may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may 5e indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium); however, hazards associated with 
physostigmine (i.e., induction of seizures) should be weighed against possible clinical benefit. 
DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate 
Intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
such use is not recommended. 


Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect, 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When civen IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP, Sodium Chloride Injection, USP, 596 Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan* (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX* Sterile 
Cartridge-Needle Units. 

2 mg/ml, NDC 0008-0581; 10 mI vial and 1 ml fill in 2 ml TUBEX. 

4mg/ml, NDC 0008-0570 10 ml vial and 1 ml fill in 2 ml TUBEX. 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 


Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX —(1) Extrude entire 
amount of air in haif-filled TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial —Aspirate 
desired amount of 'orazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 
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“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities"... just one of the reasons why 
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helps Resident (special rate only $18.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 


A true saver of precious reading time— from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience 
a typical issue includes: 


e Focus-several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft times, rebuttal) 


e Residents Corner —comprising Brief (1 to 3-page) 
Reports and Investigations 


e In depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY CURRENT SURGERY AT YOUR FINGERTIPS NOW, 
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Circulation Department 
Lippincott/Harper 
2350 Virginia Avenue 
Hagerstown, MD 21740 
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(U.S.); O $26 (all other countries); Resident Rate O $20.00 (U.S. only; also note "year" of 
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Proven highly effective for the 
treatment of serious infections” 


eto susceptible strains of indicated 
“toe at indicated sites. 


l Copyright © 1980 by Merck & Co.. Inc. All rights reserved. 





Now Indicated 
for prophylaxis 
to reduce the incidence 


of certain postoperative 
infections complicating 


e GI surgery‘ * Vaginal hysterectomy’ « Cesarean section: 


Providing a broad spectrum— including Bacteroides fragilis 


In controlled clinical trials, MEFOXIN" (Cefoxitin Sodium, MSD) 
reduced the incidence of certain postoperative infections 


with use limited to a 24-hour period following the operative procedure. 
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Mes 
topped jitt in 24 hours since continuing adminis- therapy may be instituted. 
tration of any antibioticincreases the possibility  MEFOXIN (Cefoxitin Sodium, MSD) is contra- 


Ek adverse ee indicated in patients who have shown hypersensi- 
— *Perioperatively: Two grams administered intra- ^ tivity to cefoxitin and the pb a roup of 
————— E yenously or intramuscularly just prior to surgery ^ antibiotics. Before therapy with MEFOXIN is 
= (approximately % to 1 hour before the initial instituted, careful inquiry should be made to deter- 


administration should usually be of the causative organisms so that appropriate 
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Sion); then 2 grams every 6 hours for no more mine whether the patient has had previous hyper- 
24 hours. sensitivity reactions to cefoxitin, cephalosporins, 
esas penicillins, or other drugs. This product should be 
an-section patients: The first dose of 2 given with caution to penicillin-sensitive patients. 

fams is administered intravenously as soon aS Antibiotics should be administered with caution to 
6 pee Meo En any patient who has demonstrated some form of 


Wu uve. allergy, particularly to drugs. If an allergic reaction 
venously or intramuscularly 4 hours and 8 hours to MEFOXIN occurs, discontinue the drug. Serious 
after the first dose. Subsequent doses may be hypersensitivity reactions may require epineph- 
given every 6 hours for no more than 24 hours. rine and other emergency measures. Use of the 
For complete details on dosage and administra- — drug in women of childbearing potential requires 
tion, seefull prescribing information. that the anticipated benefit be weighed MSD 

against the possible risks. —— 


If there are signs of infection, specimens for For a brief summary of prescribing information, 
culture should be obtained for the identification vnde see following De 





Mefoxin A 


(Cefoxitin Sodium| MSD) 


Indications and Usage: Treatment- Serious infections caused by 
susceptible strains of the designated microorganisms in the following 
diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia 
and lung abscess, caused by Streptococcus pneumoniae (formerly 
Diplococcus pneumoniae ), other streptococci (excluding enterococci, 
e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non- 
penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by 

E. coli, Klebsiella species, Proteus mirabilis, indole-positive Proteus 
(i.e., P morganii, P rettgeri, and P vulgaris), and Providencia species. 
Uncomplicated gonorrhea due to Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra- 
abdominal abscess, caused by F. coli, Klebsiella species, Bacteroides 
species including the B. fragilis group,¢ and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellu- 
litis, and pelvic inflammatory disease. caused by E. coli. N. gonor- 
rhoeae, Bacteroides species including the B. fragilis group,+ 


Clostridium species, Peptococcus species, Peptostreptococcus species, 


and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneu- 
moniae ), Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicil- 
linase and non-penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus 
(penicillinase and non-penicillinase producing), Staph. epidermidis, 
streptococci (excluding enterococci, e.g., Strep. faecalis ), E. coli, 

P mirabilis, Klebsiella species, Bacteroides species including the B. 
fragilis group. Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although appropriate culture and susceptibility studies should be 
performed, therapy may be started while awaiting these results. Cefox- 
itin is not active in vitro against most strains of Pseudomonas aerugi- 
nosa and enterococci (e.g., Strep. faecalis) and many strains of 
Enterobacter cloacae. Methicillin-resistant staphylococci are almost 
uniformly resistant to cefoxitin. 

Prevention - Prophylactic use perioperatively (preoperatively, 
intraoperatively, and postoperatively) in surgical procedures (e.g., vagi- 
nal hysterectomy, gastrointestinal surgery) classified as contaminated 
or pctentially contaminated or in patients in whom infection at the 
operative site would present a serious risk, e.g., prosthetic arthroplasty; 
intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 

MEF OXIN usually should be given 2 to 1 hour before the operation, 
which is sufficient time to achieve effective levels in the wound during 
the procedure. Prophylactic administration should usually be stopped 
within 24 hours since continuing administration of any antibiotic 
increases the possibility of adverse reactions but, in the majority of 
surgical procedures, does not reduce the incidence of subsequent 
infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEF OXIN be continued for 72 hours after the 
surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for the identification of the causative organism so 
that appropriate therapy may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the 
cephalosporin group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR 
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OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC 
REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. 
SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPH- 
RINE AND OTHER EMERGENCY MEASURES. 

Precautions: The total daily dose should be reduced in patients with 
transient or persistent reduction of urinary output due to renal insuffi- 
ciency because high and prolonged serum antibiotic concentrations 
can occur in such individuals from usual doses. As with other anti- 
biotics, prolonged use may result in overgrowth of nonsusceptible 
organisms; repeated evaluation of the patients condition is essential. If 
superinfection occurs, take appropriate measures. Increased nephro- 
toxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

Interference with Laboratory Tests —As with cephalothin, high concen- 
trations (> 100 mcg/ml) may interfere with measurement of serum and 
urine creatinine levels by the Jaffe reaction and produce false increases 
of modest degree in creatinine levels reported; serum samples should 
not be analyzed for creatinine if withdrawn within 2 hours of cefoxitin 
administration. A false-positive reaction for glucose in urine has been 
observed with CLINITESTS reagent tablets. 

Pregnancy —|n women of childbearing potential, weigh anticipated 
benefit against possible risks. 

Nursing Mothers — Cefoxitin is excreted in human milk in low 
concentrations. 

Infants and Children —Safety and efficacy in infants from birth to three 
months have not yet been established. In children three months and 
older, higher doses have been associated with increased incidence of 
eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been 
local reactions following intravenous or intramuscular injection. Other 
adverse reactions have been encountered infrequently. Local Reac- 
tions — Thrombophiebitis with intravenous administration; pain, 
induration. and tenderness after intramuscular injections. Allergic 
Reactions —Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — 
Transient eosinophilia, leukopenia, neutropenia, and hemolytic anemia; 
a positive direct Coombs test may develop in some individuals, espe- 
cially those with azotemia. Liver Function — Transient elevations in 
SGOT, SGPT, serum LDH, and serum alkaline phosphatase. Renal 
Function — Elevations in serum creatinine and/or blood urea 

nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy 
should be maintained for at least 10 days to guard against the risk of 
rheumatic fever or glomerulonephritis. In staphylococcal and other 
infections involving a collection of pus, surgical drainage should be 
carried out where indicated. Intramuscular injections should be well 
within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary 
to avoid inadvertent injection into a blood vessel. The total daily dosage 
in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles 
containing 1 gram or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see 
full prescribing information. Merck Sharp & Dohme, 
Division of Merck & Co., INc.. West Point, PA 19486 





1B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus DOHME 


SRegistered trademark of Ames Company. Division of Miles Laboratories, Inc 





Each 325 mg. Tablet contains: b tpe N. F Units 6. 500; Protease, N. F Units 32, 000; Amylase, N. F Units 48,000 


In a recent study, regular pancreatic 
enzyme tablets, such as Viokase, 
were found to be nearly three times as 
effective as enteric-coated tablets in 
correcting steatorrhea.' Theoretically, 
the enteric coating protects the en- 
zymes from the stomach's acidity and 
releases them in the alkaline environ- 
ment of the small intestine. But in pa- 
tients with pancreatic insufficiency, 
the duodenum and upper jejunum are 
often acidic.? As a result, enteric coat- 
ings “...may reduce the clinical effec- 
tiveness of the pancreatic extracts"! 


Another study reports that, "In the 
dosages used, neither enteric-coated 
enzymes nor supplemental neutraliz- 
ing antacids were more effective than 
pancreatin alone in decreasing steator- 
rhea or improving duodenal enzyme 
delivery."? The authors tentatively con- 
clude that “...acid-resistant enteric- 
coated preparations are helpful only in 
selected cases in which postprandial 
intragastric pH is uniformly low"? Thus, 
enteric-coated preparations appear to 
have limited usefulness in the treat- 
ment of exocrine pancreatic insuffi- 
ciency, and when they are used, their 
effectiveness should be tested by deter- 
mination of the response of steatorrhea.' 


Viokase still costs less 

Based on figures published in the 1979 
Drug Topic Redbook, daily therapy 
with Viokase can cost your patients 
less than half the price of enteric- 
coated products...and the effective- 
ness of Viokase is confirmed by over 
25 years of clinical experience. 


VIOKASE® (pancreatin) 


Description: VIOKASE is a pancrea- 
tic enzyme concentrate of porcine ori- 


gin containing standardized amylase, 


protease and lipase activities plus 
esterases, peptidases, nucleases and 
elastase. 


The enzyme potency of the tablets and 
powder are: 


Each 325 mg. Each 0.75 gram 

Tablet (V5 teaspoonful) 
Lipase, N.F Units 6,500 15,000 
Protease, N.F. Units — 32,000 75,000 
Amylase, N.F. Units 48,000 112,500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 





Each 325 mg. Each 0.75 g. 
Tablet Powder 
Dietary Fat 23 93 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric coated. 


Indications: As a digestive aid in cys- 
tic fibrosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused by 
malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with cys- 
tic fibrosis: Va teaspoon (0.75 grams) 
with meals. 


Tablets: Dosage to patients with cystic 
fibrosis or chronic pancreatitis —1 to 3 
tablets with meals. For aiding diges- 
tion in patients with pancreatectomy or 


gastrectomy —1 to 2 tablets taken at 
2-hour intervals, or as directed by 
physician. 

Caution: Federal law prohibits dis- 
pensing without prescription. 


Warnings: Avoid inhalation of powder. 


Precautions: Use with caution in pa- 
tients known to be allergic to pork 
protein. 


How Supplied: 
Powder: Bottles of 4 ounces and 8 


ounces 
Tablets: Bottles of 100 and 500 


Literature Available: Complete liter- 
ature available upon request including 
information on BEEF VIOKASE DE- 
RIVED FROM BEEF PANCREAS FOR 
THOSE EXCEPTIONAL PATIENTS AL- 
LERGIC TO PORK. 


1. Graham, David Y., M.D.: Enzyme Replacement Therapy 
of Exocrine Pancreatic Insufficiency in Man: N. Engl J 
Med 296: 1314-1317, 1977 


2. Benn, A. and Cooke, W.T.. Intraluminar pH of 
Duodenum and Jejunum in Fasting Subjects with Normal 
and Abnormal Gastric or Pancreatic Function. Scand J 
Gastroenterol 6: 313-317, 1971 


3. Regan, Patrick T., M.D., Malagelada, Juan-R. MD. 
DiMagno, Eugene P, M.D., Glanzman, Scotty L. and Go, 
Vay Liang W., M.D: Comparative Effects of Antacids. 
Cimetidine and Enteric Coating on the Therapeutic Re- 
sponse to Oral Enzymes in Severe Pancreatic Insuffi- 
ciency; N. Engl J. Med 297: 854-858. 1977 
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A Subsidiary of A.H. Robins Company 
Monticello, IL 61856 


YOU MAY NOT REALIZE WE'RE THERE... 





The Kendall Company manufactures many apparel, lap sponges, x-ray detectable sponges, 
products whose presence, performance and and other O.R. supplies. 

quality are a vital part of any surgical procedure. Kendall Operating Room Products are there 
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TODAY PHYSICIANS ARE 
USING NUBAIN 


AS A SAFE AND EFFECTIVE ALTERNATIVE 

TO MEPERIDINE HCI (DEMEROL*) 

The analgesic potency of NUBAIN is comparable to 
that of meperidine HCI. It may be administered in 
individual doses of 10 mg/70 kg up to 20 mg; with a 
maximum daily dose of 160 mg. Onset and peak 
effect are comparable to that of meperidine HCI 
(50-150 mg). 


FOR LESS RESPIRATORY DEPRESSION 
POTENTIAL 

At dosages of 10 mg/70 kg, NUBAIN is comparable 
to morphine in respiratory depression. At higher 
doses, however, NUBAIN does not appreciably 
increase respiratory depression, as does morphine 
(see Precautions). 


FOR A LOW LEVEL OF SIDE EFFECTS 

In clinical trials, NUBAIN caused less vomiting than 
meperidine HCI or morphine. This is an important 
consideration for the general surgeon or 
anesthesiologist. 


FOR FAVORABLE HEMODYNAMIC PROFILE 
NUBAIN has the effect of slightly lowering the 
cardiac work load and can be used immediately in 
MI (use cautiously where emesis is involved). 


FOR LONGER DURATION OF ACTION WHICH 
MAY PROVIDE GREATER PATIENT COMFORT: 
UNINTERRUPTED SLEEP 
LONGER DAYTIME RELIEF 


The analgesic effect of NUBAIN lasts from 3 to 6 
hours, so the patient has fewer interruptions of 
activities and may sleep better. 


NUBAIN is an Endo registered U.S. trademark. 
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more than 1 million doses later, physicians at more 
than half the large hospitals of 500 beds or 

more are using NUBAIN® nalouphine HCI as a logical 
alternative to meperidine HCI (Demerol) 
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Brief summary of full prescribing information 


INDICATIONS For the relief of moderate to severe pain NUBAIN can also be 
used for preoperative analgesia as a supplement to surgical anesthesia 
and for obstetrical analgesia during labor 


CONTRAINDICATIONS NUBAIN should not be administered to patients who 
are hypersensitive to it 


WARNINGS Drug Dependence NUBAIN has been shown to have a low abuse 
potential which is approximate to that of pentazocine When compared with 
drugs which are not mixed agonist-antagonists it has been reported that 
nalbuphine s potential for abuse would be less than that of codeine and 
propoxyphene Psychological and physical dependence and tolerance may 
follow the abuse or misuse of nalbuphine Therefore. caution should be 
observed in prescribing it for emotionally unstable patients. or for 
individuals with a history of narcotic abuse Such patients should be 
closely supervised when long-term therapy 1s contemplated Care should 
be taken to avoid increases in dosage or frequency of administration which 
in susceptible individuals might result in physical dependence Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 
symptoms of narcotic withdrawal | e. abdominal cramps. nausea and 
vomiting. rhinorrhea lacrimation restlessness. anxiety elevated tempera 

ture and piloerection Use in Ambulatory Patients NUBAIN may impair the 
mental or physical abilities required tor the performance of potentially 
dangerous tasks such as driving a car or operating machinery Therefore 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks Use in 
Children Clinical experience to support administration to patients under 18 
years ıs not available at present Use in Pregnancy (other than labor) Sate 
use of NUBAIN in pregnancy has not been established Although animal 
reproductive studies have not revealed teratogenic or embryotoxic effects 
nalbuphine should only be administered to pregnant women when. in the 
judgement of the physician. the potential benefits outweigh the possible 
hazards Use During Labor and Delivery NUBAIN can produce respiratory 
depression in the neonate It should be used with caution in women 
delivering premature infants Head Injury and Increased Intracranial 
Pressure The possible respiratory depressant effects and the potential of 
potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the 
presence of head injury intracranial lesions or a pre-existing increase in 
intracranial pressure Furthermore potent analgesics can produce effects 
which may obscure the clinical course of patients with head injuries 
Therefore, NUBAIN should be used in these circumstances only when 
essential and then should be administered with extreme caution 

Interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity. there is evidence that in 
nondependent patients it will not antagonize a narcotic analgesic 
administered just before concurrently, or just after an injection of NUBAIN 
Therefore. patients receiving a narcotic analgesic. general anesthetics 
phenothiazines or other tranquilizers. sedatives hypnotics. or other CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit an 
additive effect When such combined therapy 's contemplated. the dose of 
one or both agents should be reduced 


PRECAUTIONS Impaired Respiration At the usual adult dose of 10 mg//0 
kg. NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine However in contrast to 
morphine. respiratory depression is not appreciably increased with higher 
doses of NUBAIN Respiratory depression induced by NUBAIN can be 
reversed by NARCAN (naloxone hydrochloride) when indicated NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration (e g from other medication. uremia, bronchial asthma severe 
infection cyanosis or respiratory obstructions) Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the liver and excreted by the 
kidneys. patients with renal or liver dysfunction may overreact to customary 
doses Therefore in these individuals, NUBAIN should be used with caution 
and administered in reduced amounts Myocardial Infarction As with all 
potent analgesics. NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting Biliary Tract Surgery 
As with all narcotic analgesics. NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may Cause 
spasm of the sphincter of Oddi 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation (381) 36° Less frequent reactions are 
sweaty/clammy (99) 9%, nausea/vomiting (68) 6% dizziness/vertigo 
(58) 5%. dry mouth (44) 4% and headache (27) 3% Other adverse 
reactions which may occur (reported incidence of 1% or less) are- CNS 
Effects nervousness. depression. restlessness. crying euphoria, floating 
hostility, unusual dreams. confusion, faintness hallucinations, dysphoria 
feeling of heaviness numbness, tingling. unreality The incidence of 
psychotomimetic effects, such as unreality. depersonalization. delusions 
dysphoria and hallucinations has been shown to be less than that which 
occurs with pentazocine Cardiovascular Hypertension. hypotension 
bradycardia tachycardia Gastrointestinal Cramps. dyspepsia. bitter 
taste Respiration Depression. dyspnea. asthma Dermatological Itching 
burning. urticaria Miscellaneous Speech difficulty. urinary urgency 
blurred vision. flushing and warmth Patients Dependent on Narcotics 
Patients who have been taking narcotics chronically may experience 
withdrawal symptoms upon the administration of NUBAIN If unduly 
troublesome. narcotic withdrawal symptoms can be controlled by the slow 
intravenous administration of small increments of morphine. until relief 
occurs If the previous analgesic was morphine. meperidine. codeine, or 
other narcotic with similar duration of activity one-fourth of the 
anticipated dose of NUBAIN can be administered initially and the patient 
observed for signs of withdrawal 1e abdominal cramps. nausea and 
vomiting. lacrimation. rhinorrhea. anxiety restlessness. elevation of 
temperature or piloerection If untoward symptoms do not occur 
progressively larger doses may be tried at appropriate intervals until the 
desired level of analgesia is obtained with NUBAIN Management of 
Overdosage The immediate intravenous administration of NARCAN™ 
(naloxone hydrochloride) is a specific antidote Oxygen. intravenous fluids 
vasopressors and other supportive measures should be used as indicated 
The administration of single doses of 72 mg of NUBAIN intramuscularly to 
eight normal subjects has been reported to have resulted primarily in 
symptoms of sleepiness and mild dysphoria 
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illustrated Preoperative 


and Postoperative Care 


a 
By Philip Thorek, M.D., F.A.C.S., F.LC.S 


Illustrated by Carl Linden 


Relving on the use of original illustrations cou- 
pled with succinct, on-target text, this second 
edition of Illustrated Preoperative and Postopera- 
tive Care is a masterful exposition of Dr. Thorek's 
rich personal experience. 


Practicalitv is the theme as Dr. Thorek covers 
evaluation of the surgical patient, the immediate 
post-op period, the recoverv room, use of fluid 
and electrolvtes, chemotherapy, and surgical 
complications. The chapter on surgical pharma- 
cologv, new to this edition, includes the concepts 
of alpha and beta stimulators and blockers as 
thev pertain to the therapeutic value of various 


drugs. 


The beautiful illustrations support the text ad- 
mirablv, and in manv cases are fully explanatory 


in themselves. 


^. a useful reference source for neophyte or 
experienced surgeon alike.”—Military Medicine 
^... invaluable to any student, surgeon, resident, 
intern or clerk, who ever intends to do surgery 


of any type. —International Surgery. 


147 Pages * 79 Illus. * 2nd Edition, 1973 * 
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Endoscopic Suspension of the Vesical Neck for Urinary 


The key to restoring urinary continence in the female is to raise 
the internal vesical neck of the bladder to a position behind the 
symphysis pubis. The operation which accomplishes this with 


a the least morbidity, the most accuracy and the greatest 


permanency is endoscopic suspension; it is particularly 
applicable in patients with obesity, multiple operative failures, 
radiation incontinence, and severe pelvic fractures. Between 
December 1973 and May 1979, 203 patients underwent 211 
operations with a minimum of six months of follow-up study at 
final review (November 1979). Twenty per cent of the patients 
were totally incontinent on referral, and 60 per cent lost urine 
with minimal activity; only 20 per cent of the patients had 
typical stress urinary incontinence, requiring coughing or 
sneezing to lose urine. Among the 203 patients, there were 
188 previous operations for urinary incontinence, including 
74 Marshall-Marchetti retropubic repairs. Forty-seven pa- 
tients have been followed for over four years, and 156 patients 
have been followed for six months to four years. While 138 
patients had a previous hysterectomy, 65 patients had not; 
the presence of the uterus did not affect the results. Urinary 
incontinence is not an indication for hysterectomy. Ninety-one 
per cent of the 203 patients were cured of their urinary 
incontinence by endoscopic suspension of the vesical neck. 
Technical advantages over the retropubic vesical neck sus- 
pensions include the use of monofilament heavy nylon (No. 2), 
a vaginally placed Dacron* buttress to prevent tearing of the 
pubocervical fascia, less postoperative morbidity, minimal 
blood loss, functional measurements and anatomic visualiza- 
tion of a restored vesical neck during the operative procedure, 
easy access to a surgically difficult pelvis, and simultaneous 
repair of significant rectoceles or substantial cystoceles through 
the same operative field. 


HE KEY TO RESTORING urinary continence in the 
female is to raise the internal vesical neck of the 
bladder to a position behind the symphysis pubis. The 
operation which accomplishes this with the least 
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morbidity, the most accuracy and the greatest per- 
manency is endoscopic suspension; it is particularly 
applicable in patients with obesity, multiple operative 
failures, radiation incontinence, and severe pelvic 
fractures. 

We reported our operative technique in 1973, which 
was based on our first 16 patients.! The next 44 con- 
secutive patients were reported in 1975:2 in this 1975 
report, we analyzed the anatomic changes in the 
position of the internal vesical neck by comparing pre- 
and postoperative lateral chain cystograms. The 
succeeding 203 consecutive patients, followed for a 
minimum of six months after surgery, are the subject 
of this report. 


Methods 


Surgically curable urinary incontinence (SCUI) in 
the female includes those women with typical stress 
urinary incontinence (SUI) who lose urine only with 
coughing, sneezing, or lifting heavy objects (Grade D, 
those who lose urine with minimal activity such as 
walking or arising from the sitting position (Grade II), 
and those who are totally incontinent in the upright 
position and who cannot hold urine in their bladders 
(Grade III). 


Diagnosis 


SCUI is not a syndrome; it is a demonstrable event 
which should be demonstrated on physical examination 
by the responsible surgeon regardless of how sugges- 
tive the history may be. Loss of urine must be shown 
to occur exactly coincident with a rise and fall in 
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Fic. 1. Schematic illustration of the suspending nylon loops on either 
side of the urethra at the internal vesical neck. 


abdominal pressure. The most efficient procedure is to 
hydrate the patient while taking her history, measure 
the amount of urine she voids when the bladder is 
full, catheterize her for a residual urine, and then fill 
the bladder by gravity through an open syringe to a 
comfortable volume of a little less than the amount 
she voided. The catheter is removed and the patient 
asked to cough while the surgeon observes the urethral 
meatus; loss of urine must occur coincident with the 
cough. If leakage of urine fails to occur in the lithotomy 
position, the examining table should be tilted to a 45? 
upright position which increases the resting bladder 
pressure by the weight of the intestinal contents; if 
urinary leakage still fails to occur, she should be 
examined in the standing position. If loss of urine 
occurs some seconds after coughing, i.e., does not 
appear simultaneously with the rise in abdominal 
pressure and immediately cease with the fall in pres- 
sure, the patient has a neuropathic bladder in which 
the detrusor is exhibiting spontaneous contractions. 
In these circumstances, the patient does not have 
SCUI and should not be operated on. 

Physical examination is completed by 1) testing the 
mobility of the tissues lateral to the internal vesical 
neck since it is these tissues that must hold the vesical 
neck in position behind the symphysis pubis, and 2) by 
determining the presence and extent of any cystocele 
or rectocele (I prefer a tongue depressor blade for 
elevating the bladder or depressing the rectum while 
the patient strains abdominally). A Bonney or Mar- 
shall-Marchetti test can be done in the lithotomy 
position during coughing to see if elevation of the 
internal vesical neck prevents urinary leakage, but it 
is always positive with SCUI and it is inappropriate 
for neuropathic bladders since they don't lose urine 
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coincident with coughing; for these reasons, its diag- 
nostic use is obviously limited, but it is comforting to 
the surgeon to observe cessation of leakage with 
elevation of the vesical neck. 

Cystoscopy, cystometrograms, and radiographs of 
lateral chain cystograms are unnecessary and rarely 
add significant information. In a very complicated case 
with multiple pelvic surgeries or pelvic fractures where 
substantial difficulty in elevating the internal vesical 
neck might be expected, a preoperative lateral chain 
cystogram can be useful. If surgery fails to correct the 
incontinence, the preoperative lateral chain cystogram 
allows the surgeon to answer the question of whether 
he succeeded in moving the vesical neck upward and 
forward behind the symphysis pubis; without move- 
ment of the internal vesical neck forward and upward 
from the preoperative position, there can be no cure 
of the urinary incontinence. 


Operative Technique 


The operation is performed exactly as originally 
described in 1973.! The principle of suspending the 
internal vesical neck on both sides by passing No. 2 
monofilament nylon from the anterior rectus fascia into 
the vagina and buttressing the nylon vaginally by 
passing it through a | cm tube of 5 mm Dacron,® is 
diagrammatically shown in Figure 1 and further 
illustrated in Figure 2. 

Briefly, the patient receives 80 mg of gentamicin the 
evening before surgery to insure a sterile urine the next 
day, and an additional 80 mg on call to the operating 
room to insure intraoperative tissue levels as pro- 
phylaxis against pelvic contamination with vaginal 
bacteria. With the patient in a modified lithotomy 


position with her legs extended laterally and knees- ^ 


slightly bent to insure a flat lower abdomen, two short 
suprapubic incisions (3-5 cm long) are made at the 
upper border of the symphysis pubis to the right and 
left of the midline (Fig. 2) and extended by blunt 
dissection to the anterior rectus fascia. 

With a Foley catheter in the bladder, the anterior 
wall of the vagina is incised transversely below the 
urethra and the trigone of the bladder is exposed by 
blunt and sharp Metzenbaum dissection. Special 
needles (straight, 15? or 30° angled*) with an eye at the 
tip sufficient to thread No. 2 nylon are then passed from 
the anterior rectus fascia into the vaginal incision; the 
needle is guided exactly alongside the internal vesical 
neck, which is located by the balloon of the Foley 
catheter. The right angle cystoscope is introduced to 
insure that the needle has not passed through the 


* Pilling Company, Delaware Drive, Fort Washington, PA 19034. 
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bladder and, that the needle is located exactly along- 
side the internal vesical neck. This latter observation 
is accomplished by placing the cystoscope just at the 
vesical neck and by observing the tissues to move up 
and down with the needle. Incorrect placement of the 
needle in the tissues toward the trigone or down the 
urethra distal to the vesical neck is easily determined 
with the cystoscope, which is the critical instrument 
in this operation. It is why I have called it "endoscopic 
suspension of the vesical neck”. 

The No. 2 monofilament nylon is now threaded into 
the needle as it protrudes into the vaginal incision and 
the needle is withdrawn to the suprapubic area. The 
needle is then passed a second time 1 cm lateral to the 
first medial pass, and the cystoscope used to determine 
exact placement outside the bladder neck. The vaginal 
end of the nylon suture from the first pass is then 
threaded through the Dacron tube and then into the eye 
of the needle (Fig. 2) before withdrawing the needle 
into the suprapubic incision, thereby establishing a 
complete suspending loop on one side of the internal 
vesical neck. The procedure is repeated on the opposite 
side of the vesical neck which establishes both suspend- 
ing loops as seen in Figure 1. 

One of the substantial advantages to this procedure 
is that adequate suspension of the internal vesical 
neck can be determined both physiologically and 
anatomically before tying the suspending nylon su- 
tures. When the bladder is filled with irrigating water 
and the panendoscope removed, water will leak from 
the urethra in a large and often forceful stream, 
especially if the panendoscope is depressed before 
removal to decrease the suspending pressure of the 
Dacron tubes. Each suspending suture individually and 
both jointly can be lifted upward to determine its 


« functional performance in cutting off the stream of 


water coming from the urethral meatus. The cessation 
of water leakage should be immediate and complete 
with minimal pull on the suspending sutures. Of almost 
equal importance, closure of the internal vesical neck 
can be confirmed anatomically by direct visualization 
of the urethra with the panendoscope by also elevating 
the suspending sutures in the suprapubic incision. 
These two measurements allow the surgeon to know 
that the operation should be successful. If adequate 
functional closure cannot be demonstrated, the suture 
should be replaced in a more advantageous position. 
The bladder is then filled for the last time, a supra- 
pubic percutaneous Malecot catheter passed into the 
bladder* (Fig. 3), the bladder emptied, the anterior 
vaginal incision closed with No. 00 chromic suture, and 
the two suspending nylon sutures tied individually 


* Vance Products Inc., 165 S. Main Street, Spencer, IN 47460. 
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Fic. 2. The basic technique of endoscopic suspension of the vesical 
neck. After each passage of the needle, before threading the No. 2 
monofilament nylon through the needle eye, the right angle cystoscope 
is introduced into the bladder to insure that the needle has not 
penetrated the bladder and that the needle is placed exactly at the 
internal vesical neck. Reprinted by permission of Surgery, Gyne- 
cology and Obstetrics.? 


on top of the anterior rectus fascia. If this fascia is 
weakened from previous surgery or atrophy, each 
nylon suture can be passed through a button of silicone 
to reinforce the weakened fascia. The suprapubic 
incisions are then closed subcutaneously with 4-0 
chromic and the skin with nylon suture. 

The patient can be discharged two or three days 
after operation with her suprapubic Malecot catheter 
in place; voiding exercises are usually started on the 
fourth or fifth postoperative day. 


Results 


As seen in Table 1, this report on 203 patients 
operated on between December 1973 and May 1979 
represents the most significant analysis and follow-up 
data on the results of this operation to date. It is 


important to describe the characteristics of this referral 


population, because a 90% cure rate is not uncommon 
for many operations that achieve minimal elevation 
of the vesical neck when surgery is limited to those 
patients with Grade I stress incontinence. As few as 
43 of these 203 patients had simple SUI (Table 2); 119 
patients lost urine with the slightest physical activity 
and 41 were totally incontinent. As shown in Table 3, 
about one in five of all referrals for this operation 
have been for total urinary incontinence. 
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FiG. 3. A useful, 14 Fr percutaneous suprapubic tube for draining the bladder and retraining the patient to void after surgery. (A) The Malecot, 
polyethylene tube, 14 Fr; the needle obturator; and the connecting tubing with a luer-lock, stopcock valve for opening and closing the tube. (B) 
The needle obturator is passed down the tube and guided through the distal end, collapsing the Malecot wings as shown in (C). (D) The needle 
obturator is removed and the connecting tubing luer-locked to the suprapubic tube. The proximal end of the connecting tube is polyvinyl 


and fits any standard drainage bag. 


The severity of the urinary incontinence in this 
series is confirmed by an analysis of the previous 
surgical procedures performed in an attempt to correct 
the incontinence (Table 4). In the present series, 188 
operations (including 74 Marshall-Marchetti retropubic 
urethropexies) were performed prior to referral. 

Of the 19 failures in the 1980 series, nine patients 
presented with total urinary incontinence: thus, nearly 


TABLE |. Historic Results of the Stanford Series 














Num- Num- 
ber of ber of Per Cent 
Reporting Dates Study Patients Failures Cured 
August 1969— May 
1972 Stamey! 16 S 69 
May 1972- 
December 1973 Stamey’ 44 3 93 
December 1973- 
May 1979 Present series 203 19 9] 








half (47%) of all the failures came from those patients 
with complete incontinence (Table 5). Nevertheless, 
32 of the 41 patients with total incontinence were 
cured by endoscopic suspension. 

The mean age of the 1980 series was 56 years with 
a range from 15 to 87 years of age. A previous hysterec- 
tomy had been performed in 138 of the 203 patients. 


^ 


TABLE 2. Degree of Urinary Incontinence in 203 Patients 
(Present Series) 








Grade and 
Characterization 
of Incontinence 


Number 
of Patients 








I (Coughing) 43 
II (Walking) 119 
III (Total*) Al 

203 








* Total incontinence is defined as the inability to hold any urine 
(<30 ml) in the bladder in the upright position. 
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TABLE 3. Number of Patients Referred with 
Total Urinary Incontinence 


Number with Per Cent with 
Number Total Total 
Study of Patients Incontinence Incontinence 
Stamey! 16 2 31 
Stamey? 44 9 20 
Present series 203 41 20 


The 19 failures were equally distributed between these 
138 and the remaining 65 whose pelvic organs 
were intact. 

Bladder capacity, measured as either the voided 
volume or, when the voided volume was small, the 
volume used to fill the bladder in order to demonstrate 
urinary leakage, is shown in Table 6. As to residual 
urine at the time of catheterization, 162 of the 203 
patients had less than 60 ml, 24 had more than 60 ml, 


-and data are lacking in 17 patients. Most of the 24 


patients with more than 60 ml of residual urine had 
less than 100 ml with the exception of four patients 
who were recognized to have neuropathic bladders in 
addition to SCUI and in whom intermittent self- 
catheterization was planned as part of their post- 
operative management. 

Preoperative urethral length, measured with a Foley 
catheter, was recorded in 164 of the 203 patients as a 
mean length of 2.6 cm. At the termination of surgery, 
urethral length was recorded in 130 patients to 
average 4.0 cm. 

The percutaneous suprapubic Malecot tube was 
removed postoperatively when the patient was able 
to consistently void about 7596 of her bladder volume. 
The time required for the patients to achieve this 
degree of bladder emptying varied between one and 
120 days; in half of the patients, the tube could be 
removed by the seventh postoperative day. More than 
30 days passed before 14 of the 203 patients could void 
well enough to have their tube removed. 

All 203 patients were followed for a minimum of six 
months. Forty-seven patients have been followed for 
over four years, and the remaining 156 between six 
months and four years. Failures tend to occur early 
rather than late. To date, only one patient has failed 


TABLE 4. Analysis of Surgical Operations for Urinary 
Incontinence Prior to Referral 


Number of No. of Previous 
Number Previous Marshall-Marchetti 
Study of Patients Operations Operations 
Stamey! 16 29 5 
Stamey? 44 48 14 
Present series 203 188 74 
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TABLE $5. Analysis of Failures in Relation to Those 
with Total Incontinence 
Number 
of Failures 
With Total 
Number Number Incontinence Number 
of of Before With Total 
Study Patients Failures Surgical Repair Incontinence 
Stamey” 44 3 2 9 
Present 
series 203 19 9 41 


after one year, a 27-year-old woman who became 
totally incontinent after giving birth to twins in January 
1975. She was successfully repaired by endoscopic 
suspension in early 1975. In November 1978, while 
climbing a telephone pole using spiked boots, she felt 
a "tearing" sensation in the suprapubic area and 
thereafter experienced urinary incontinence while 
jogging. She was reoperated and cured of her jogging 
incontinence. Several patients from the original series! 
are now ten years since their endoscopic suspension, 
including the 15-year-old girl with the ‘‘drainpipe”’ 
urethra and total incontinence from severe pelvic 
trauma who was described in detail in that report. She 
is now 25 years old, married, has a 2-year-old child 
from a cesarean section, and has remained completely 
continent since the day of her endoscopic suspension. 


Discussion 


The patient s medical history is obviously important, 
but I have not emphasized it because the key to an 
accurate diagnosis is the visual demonstration of 
urinary loss coincident with the rise and fall of in- 
creased abdominal pressure produced by coughing or 
laughing. It is surprising, and unfortunate, how many 
patients are operated on for urinary incontinence 
without the surgeon taking the time to demonstrate 
this simple mechanical loss of urine. Leakage of urine 
under any other circumstances than that produced by 
and coincidental with a rise in abdominal pressure 
is incurable by surgery. Indeed, surgically curable 
urinary incontinence (SCUTI) in the female can literally 


TABLE 6. Bladder Capacity at Outpatient Examination 
in the Present Series 


Volume 
(ml) Number of Patients 
<250 21 
250—350 35 
2350 103 
No data _24 


470 


be defined as the visual demonstration of a simul- 
taneous loss of urine with a rise and fall in abdominal 
pressure. With the exception of total urinary incon- 
tinence, the surgeon must be wary of any patient 
who loses urine unrelated to an increase in abdominal 
pressure. Four of the 19 failures in these 203 patients 
were operated on because of a highly suggestive history 
even though loss of urine could not be demonstrated 
on physical examination; they are the only four of the 
203 patients who did not have physically demonstrable 
urinary incontinence with coughing. When urinary leak- 
age cannot be demonstrated in the lithotomy position 
where the urethral meatus can be observed directly, 
and the patient must be examined in the standing 
position, the surgeon must be cautious. It is in the 
standing position that neuropathic bladders often show 
incontinence, but the loss of urine is never coincidental 
with a rise in abdominal pressure. Since the neuro- 
pathic bladder loses urine by a spontaneous contrac- 
tion of the detrusor muscle, the loss of urine begins 
some 10 to 20 seconds after the cough or positional 
change that produced the contraction; moreover, 
because it is a voiding contraction, the urinary loss 
is often a stream of urine which the patient cannot 
suppress immediately nor is it preceded by any sense 
of urinary urgency. In SCUI, when the patient is 
examined in the standing position, the labia tend to 
form a dam which can prevent easy recognition of the 
fact that urine is leaking from the meatus coincident 
with the rise and fall of increased abdominal pressure. 

Certain points in the patient's history are clearly 
important. Any neurologic or orthopedic history which 
may suggest neuropathic disease of the bladder should 
be elicited. The circumstances of the urinary loss 
are important, but are only helpful in Grade I SUI and 
may be misleading. We try to quantify the amount of 
urine lost during the day in terms of the number and 
saturation of protective pads. It is also helpful if the 
patient is dry in the recumbent position, especially 
at night when movement is minimal, but patients with 
Grade II incontinence can be wet at night while those 
with Grade III incontinence are wet all the time. The 
distinction between loss of urine in small spurts from a 
sharp rise in abdominal pressure in contrast to the loss 
of urine in large amounts from a detrusor contraction 
which has emptied the bladder is obviously useful in 
suspecting a neuropathic bladder. 

Patients who present with only urgency incontinence 
—that is, their loss of urine occurs after they sense 
a desire to urinate— cannot be cured by surgery. We 
ask two questions: When you have a desire to urinate, 
do you lose urine before you can get to the toilet? If so, 
does this urinary leakage represent a small amount, a 
moderate amount, or most of the total you lose through- 
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out the 24 hours? The problem is that many patients 
with SCUI also have urgency incontinence and can be 
cured of both by surgical elevation of their vesical 


neck. The urgency incontinence in these patients with 


SCUI is presumably due to the funneling and low 
pressure of the internal vesical neck; as the detrusor 
pressure starts to rise, urine probably flows immedi- 
ately into the proximal urethra, causing an uncontrol- 
lable desire to urinate. With restoration of the vesical 
neck from a dependent position in the pelvis to one 
high behind the symphysis pubis, urine presumably 
cannot enter the proximal urethra during the early 
phase of a rising voiding pressure. In our 1975 series of 
44 patients, we carefully analyzed the preoperative 
and postoperative interrelationships of urgency in- 
continence which accompanied SCUI.? The surgeon 
should never operate on urgency incontinence which 
is unaccompanied by a demonstrable loss of urine with 
a rise in abdominal pressure. In general, however, it is 
true that those patients with SCUI who have a strong 
component of urgency incontinence may have some 
problems with urgency incontinence for the first six 
months after surgery even though they will no longer 
have demonstrable SUI. In this series of 203 patients, 
69 had some component of urgency incontinence in the 
immediate postoperative period, but little remained 
after six months. 

In the preoperative outpatient assessment where 
the bladder is catheterized for residual urine, the 
presence of residual urine— especially over 100 ml— 
should serve as a hallmark of a neuropathic bladder; 
the absence of residual urine does not exclude it. When 
the bladder is filled to a known volume in order to 
demonstrate SCUI, the surgeon might remember that a 
normal bladder should relax during gravity filling with a 


minimal rise in intravesical pressure. If the open. 


syringe is carefully observed during filling, a spon- 
taneous contraction is easily detectable by sudden rise 
in the level of water in the syringe which previously 
was steadily falling as more water is poured into the 
open syringe. The examiner can also observe the final 
pressure in the bladder before removing the catheter; 
it should be less than 15 cm of water above the level 
of the urethra if the patient is comfortably full without 
a strong desire to urinate. While these observations 
are interesting, and represent ‘‘free” information, it isa 
very rare woman with either SCUI or a neuropathic 
bladder who will demonstrate a spontaneous contrac- 
tion during filling or a high intravesical pressure. 
Indeed, as we pointed out in the 1975 series,” cysto- 
metrograms proved singularly unhelpful in these 
patients, even in those with substantial urgency 
incontinence. 

Preoperative urethroscopy, advocated by an increas- 
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ing number of gynecologists, is even more useless 
than cystometrograms and represents an unnecessary 
expense in the evaluation of patients with urinary 
incontinence. SCUI is proven by demonstrating urinary 
loss on physical examination; there is nothing to be 
seen in the urethra that will add to or change the 
singular significance of this observation. It should be 
emphasized that the diagnosis of SCUI requires only a 
bottle of water, a urethral catheter, an open syringe, 
and a doctor. 

As we showed in our 1975 series,? mild to moderate 
cystoceles are corrected by endoscopic suspension 
alone. If, however, the preoperative outpatient ex- 
amination discloses a large cystocele which extends 
below the vaginal introitus on straining or protrudes 
when the patient is in the upright position, the trigonal 
incision at the time of surgery should be extended to 
the vaginal vault or cervix and the cystocele repaired 
after placing, but not tying, the suspending sutures at 
either side of the vesical neck. Of even more impor- 
tance, the surgeon should make certain preoperatively 
that lifting the bladder (which occurs markedly with 
endoscopic suspension) with a tongue depressor blade 
does not allow a large rectocele (heretofore counter- 
balanced against the cystocele) to protrude out the 
introitus. We failed to recognize this in three patients 
who returned postoperatively with a protruding recto- 
cele which required surgical correction and should 
have been recognized and repaired at the time of 
the endoscopic suspension. 

One of the advantages to endoscopic suspension 
is that it negates the gynecologic discussion of who 
should have a vaginal repair (anterior colporraphy) 
and who should have a retropubic procedure.? In a 
careful radiologic study of preoperative and post- 
operative lateral chain cystograms in all patients 
undergoing an anterior colporraphy operation for SUI, 
Low reported a 1 cm “‘upward and forward elevation 
of the bladder neck" in the 50% of his patients who 
were cured by surgery.* Because anterior colporraphy 
in the best of surgical hands can only move the internal 
vesical neck of the bladder 1 cm at best, it is not a good 
operation for SCUI. The mean elevation of the internal 
vesical neck achieved by endoscopic suspension is 
nearly 5 cm.’ Because anterior colporraphy accom- 
plishes such a minimal elevation of the vesical neck, 
it is perhaps understandable why the presence of the 
uterus represents a threat to a permanently successful 
operation. In many centers, hysterectomy is routinely 
performed as an integral part of the operation for SUI. 
It is difficult to justify removing a normal uterus solely 
because a patient has SUI. A strong and properly 
done operation, especially that of endoscopic suspen- 
sion, should be able to suspend the internal vesical 
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neck of the bladder regardless of what happens to 
the uterus. 

Endoscopic suspension is accompanied by minimal 
morbidity because an open pelvic operation is avoided. 
Not one of the 203 patients in this series required a 
blood transfusion, and we do not cross-match for it. 
Seven of these 203 patients required a second endo- 
scopic suspension for cure of their incontinence; in 
six of these seven patients, the necessity for reopera- 
tion was apparent immediately after the first surgery. 
No difficulties were encountered in these reoperations. 
The original Dacron tubes are usually so infiltrated 
with connective tissue that they are either not seen 
during the procedure or can be left in position as 
additional buttresses. 

In conclusion, the advantages to endoscopic suspen- 
sion appear to be the following. 1) Use of the heavy 
monofilament nylon passed through the Dacron but- 
tress offers a stronger suspension of the internal 
vesical neck than can be accomplished by a retropubic 
procedure. 2) Since the cure of urinary incontinence 
depends exclusively on raising the internal vesical 
neck of the bladder upward and forward behind the 
symphysis pubis, the cystoscope offers the most 
accurate way of placing the suspending sutures 
exactly at the bladder neck. At open surgery, any 
tension on the Foley balloon tends to "telescope" the 
fallen urethra on itself, often making it difficult to 
know with precision the exact position of the internal 
vesical neck. 3) Physiologic measurements of con- 
tinence can be made before closing the incisions. If 
these observations fail to confirm that the incontinence 
has been corrected, the suspending sutures can be 
changed to a more advantageous position. 4) Open 
pelvic surgery is avoided, thereby decreasing opera- 
tive morbidity; blood loss is insignificant. 5) It is clearly 
the ideal operation for the surgically difficult pelvis, 
for example, severe pelvic fractures, radiation in- 
continence, obesity, and multiple operative failures. 
6) Simultaneous repair of significant rectoceles or 
substantial cystoceles can be performed through the 
same operative field. 
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Burn Injury 


Analysis of Survival and Hospitalization Time for 937 Patients 


P. WILLIAM CURRERI, M.D., ARNOLD LUTERMAN, M.D., DAVID W. BRAUN, JR., PH.D., G. THOMAS SHIRES, M.D. 


The charts of 937 patients have been reviewed for survival and 
length of stay. Probit analysis and binary logistic regression 
has been performed to develop probability of dying contours 
incorporating age and per cent burn. It appears that improve- 
ment in survival has occurred over the last 16 years. The 
length of hospital stay has also been evaluated. A significant 
decrease in hospitalization time has occurred in the past year 
with the advent of a selective wound excisional protocol, 
without adversely affecting survival. A burn bed requirement 
chart is presented which incorporates age, burn size, survival 
probability and predicted length of stay. The chart allows for 
estimation of burn bed needs for a known or predicted 
population of regional burn victims. 


URN INJURIES RESULT in the hospitalization of more 

than 100,000 patients annually requiring a total 

of two million hospital bed days.' Hospital and medical 

costs for the treatment of these injuries are now 

estimated at greater than a billion dollars a year and 

burn injuries are now exceeded only by motor vehicle 
accidents as a cause of accidental death.’ 

It is extremely difficult to determine with any degree 
of accuracy, the prognosis in a specific burn injury. 
Mortality increases with the severity of the burn injury 
and with increasing age of the patient. The use of probit 
analysis in consideration of burn mortality was intro- 
duced in 1949 by Bull and Squire of Birmingham 
England.? Serial probit analysis for mortality since 
1949 of large numbers of patients has allowed for 
evaluation of treatment modalities and for accurate 
periodic assessment of overall prognosis from burn 
injuries. | 

Since 1945, there has also been increasing interest 
in the number and type of facilities required to treat 
burn injuries. The immediate practical question of how 
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many burn beds are needed, requires evaluation of 
mortality and hospitalization time necessary to ac- 
complish inpatient treatment. Previous reports from 
large centers may no longer reflect current survival 
expectancy or length of hospital stay because of 
improved techniques in burn victim management. The 
following study was undertaken to evaluate current 
survival statistics and length of stay in a population 
of burned patients treated at a large metropolitan 
burn center. 


Methods 


The records of 937 consecutive admissions for 
thermal injury requiring burn center care over a four- 
year period (August 1975 to August 1979) were re- 
viewed. The age of the patient, extent of burn injury 
(summation of second and third degree burns), and 
length of hospital stay, were tabulated and the number 
of survivals and deaths noted. The principal complicat- 
ing factor which initiated a progressively fatal course 
was identified for each of 75 most recent deaths 
and tabulated. 

Probit analysis* was used to analyze the relationship 
between per cent total body surface area burned and 
survival. The per cent total body surface burned was 
grouped into deciles: 1-10, 11-20, . . . , 91-100, to 
allow comparison with previously published results. 
Separate probit analyses were done in age groups 
0-14, 15-44, 45-65 and over 65 years. An iterative 
procedure was used to calculate the maximum likeli- 
hood estimate of the probit equation. Binary logistic 
regression was then used to analyze the data. The 
mathematical model employed was: 


Probability of Dying =—————__ , 
, oe ORE 67) 
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TABLE 1. Burn Mortality Study (Probit Analysis) 


Age 
'(Years) Probit Equation LAso 93595 C.L. 
0—14 Y = —1.4879 + 0.0670X 62.5 55.4—69.5 
15-44 Y — 1.9394 4- 0.485X 63.1 57.7—68.4 
45—64 Y = 2.8918 + 0.0553X 38.1 32.9-43.3 
65 Y = 3.4398 + 0.0668X 23.4 19.0-27.7 


where x = B, + B, (age) + B, (V?6TBS burn) + B, 
(age)*. 


Using the logistic equations, mortality contours 
were calculated for the patient population reviewed. 

The length of stay was also tabulated. The influence 
of burn size on length of hospital stay in four age groups 
was evaluated by regression analysis. 

The mortality statistics and length of stay data was 
combined to develop a burn unit bed requirement chart 
which allows for calculation of minimal bed require- 
ments for any burn patient population with specified 
or known ages and burn size distribution. 


Results 


A total of 937 patients were included in this study. 
Seven hundred forty patients (79%) survived their 
injury. The median age in years was 29 (range: 0—98) 
and median burn size was 1846 total body surface 
area (TBS) (range: 1—100). 

Table 1 lists the probit equations for each age group, 
burn size which results in a 50% mortality (LA4,), and 
95% confidence limits around the LA;,. The probability 
of dying with any size burn injury at any age as cal- 
culated using binary logistic regression was: 


POD (Probability of dying) = e*/1 + e*, 


where x = —5.22 — 0.1041 (age) + 0.09843 (%TBS 
burn) + 0.002296 (age)’. 


Figure | shows the computer generated mortality 
contours using the logistic equations for the patient 
population reviewed. 

Table 2 lists the principal complicating factor which 
initiated a progressively fatal course for each of the 75 
most recent deaths. Septic complications accounted for 
54% of the deaths, and 13% were directly related to 
severe smoke inhalation. Irreversible burn shock 
resulted in 15% of the deaths. 

The mean length of hospital stay for the entire group 
was 24.0 days, the median length of stay was 15.9 days 
(Table 3). The mean and median length of stay of survivors 
was 26.6 and 18.5 days respectively. The results from 
the first 606 patients (August 1975 to July 1978) were 
grouped (Group I) and compared to the last 331 patients 
treated (Group II) from August 1978 to August 1979. 
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Fic. 1. Mortality contours obtained from probit analysis of 937 con- 
secutive patients treated at the New York Hospital-Cornell 
Medical Burn Center. 


The mean and median length of stay was 27.1 days 
and 18.4 days for Group I and 18.3 days and 12.7 days 
for Group II (p < 0.01). When only survivors of both 
groups are considered the mean and median lengths 
of stay were also significantly different when the two 
groups were compared (Group I = 29.7 days, 22.0 
days, Group II = 20.5 days and 14.3 days; p < 0.01). 


TABLE 2. Burn Mortality Study (Principal Cause of Death) 


Age 
«45 yrs. >45 yrs. Total 
Irreversible burn shock 17 13 15 
Smoke inhalation 17 10 13 
Septic complications 55 52 54 
Cardiovascular complications 
myocardial infarction 0 13 7 
cerebral vascular 0 3 l 
pulmonary embolus 6 0 3 
Miscellaneous (Head trauma, 
UGI bleeding, etc.) 6 10 8 


Numbers indicate per cent. 
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TABLE 3. Burn Mortality Study (Length of Stay Burned 
Patients in Hospital) 








Group 

I Il IH 
Number 606 331 937 
Mean age 33.3 32,5 33.0 
Median age 29.1 27.8 28.8 
Mean burn size 25.8 Tice 26.3 
Median burn size 17.2 19.5 18.1 
Mean LOS (days)* 27.1 18.3 24.0 
Median LOS (days)* 18.4 12.7 15.9 
Mean LOS survivors* 29.7 20.5 26.6 
Median LOS survivors* 22.0 14.3 18.5 





"yi. 


The distribution of injury size and age was similar in 
both groups (Table 4). No significant difference existed 
in the mortality of the two groups for any age and 
any size burn injury. 

Table 5 compares the length of stay in surviving 
patients in Group I and Group II for each age group. 
Significant differences were found in all age groups 
except for the 0—14 year age group. 

Table 6 compares the length of stay in surviving 
patients in Group I and Group II for each age group 
and for different size burn injuries. No significant 
difference was noted in any of the 0—14 age group 
subdivisions. In the 15—44 age group, no significant 
difference was noted for the 10% burn size, while 
significant differences (p — 0.01) were noted for the 
30% and 50% total body surface burns. In the 45—64 
year age group, significant differences (p — 0.05) were 
noted for the 10% burn size and 30% TBS burn injury. 
No significant difference was noted in length of stay 
for the 50% TBS burn in this age group or for any of the 
remaining age groups or burn sizes. 

Table 7 tabulates the results of the predicted length 
of stay in surviving burn patients of different ages 
with different size injuries using regression analysis. 
These results and the probability of dying statistics 
using the logistic regression equations have been 
combined to create the burn bed requirement chart 
(Figure 2). 


TABLE 4. Patient Population (96 Group I/% Group II) 








Age (Years) 
0—14 15-44 45—64 >65 
% TBS 

0-20 17/18 23/24 12/9 5/6 
21-40 5/4 10/11 4/4 4/4 
41-60 1/2 6/4 3/2 2/2 
61-80 1/1 2/2 1/2 1/1 
81-100 1/1 4/3 1/0 0/1 
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TABLE 5. Hospitalization Time (Surviving Patients) 





Age (Years) 











Mean LOS 
(Days) 0— 14 15-44 45—64 >65 
Group I 21.4 32.0 31.9 40.8 
Group II 19.4 20.5* 24.1* 18.6* 
* p « 0.01. 
t p < 0.05. 
Discussion 


The current study reports survival and length of stay 
related to burn size and age in 937 consecutive patients 
treated in the past four years. It is difficult to compare 
survival data with previously reported studies, since 
statistical methods are not uniform. No standardization 
of age or burn magnitude subgrouping has been 
established. Table 8 compares the survival probability 
noted in this study with survival figures reported in 
three other series, as determined from available tables, 
charts or formulae. It appears that the survival statistics 
here reported are at least representative of other results 
reported during the last ten years. However, in the 
absence of probit analysis, formal statistical com- 
parison between these studies is impossible. 

Several reports have utilized probit analysis to 
analyze survival probability and Table 9 lists the data 
from those studies. A dramatic improvement in 
survival from burn injuries has occurred over the last 
16 years. This is significant because it represents the 
time period in which a number of major advances have 
occurred, including prophylactic use of topical anti- 
bacterial preparations, advancements in respiratory 
monitoring and ventilatory support, use of physio- 
logical dressings, improved nutritional support and 


development of a burn team approach. During this M 


time period specialized burn care facilities have been 
established resulting in additional dedicated beds 
for burned patients. 

Table 10 illustrates serial probit analysis at the 
Institute for Surgical Research, Brooke Army Medical 
Center between 1950 and 1975.!! Comparison of the 
results reported here with the 1950 to 1963 series shows 
that a significant improvement has occurred. Between 


TABLE 6. Mean Length of Stay (Survivors) (Group I/Group II) 





Age (Years) 


















0-14 15-44 45-64 >65 
% TBS Burn 
10 16.5/14.3 18.6/14.8 26.3/19.4 26.6/15.7 
30 34.2/35.1 41.2/27.1 41.1/29.9 79.8/43.0 
50 42.0/46.5 | 61.0/41.6 | 61.3/60.0 


Groups blocked off showed significant difference in mean 
LOS between Group I and Group II (p < 0.05). 
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TABLE 7. Predicted Hospitalization Time (Days) 
(Surviving Burn Patients) 


TABLE 8. Survival Probability 


Per Cent Curreri Feller? Bull? McCoy’ 


Age (Years) Age TBS 1979 1976 1971 1968 
x 0-14 15-44 45-64 >65 20 20 95+ 95+ 95+ 95+ 
— ea ae ee SS eee, 40 85 85 80 63 
Burn Size (% TBS) 60 60 50 50 15 
+ 2 3 40 20 95+ 95+ 90+ 95+ 
30 35 36 37 72 
40 80 70 70 45 
50 44 56 61 101 ^ » * 
70 103 77 84 131 60 5 
90 117 99 102 161 60 20 80+ 65+ 80+ 60+ 
i ee ee re 40 40 18 30 30 
60 7 0 0 5 





1964 and 1968 the Brooke group noted a significant 

improvement in survival and attributed this to the 

introduction of bacterial control in the wound following series analyzed by probit analysis and are similar to 
the introduction of Sulfamylon®. However, between current analysis of survival reported from the Brooke 
1969 and 1973 a decreased survival rate was again Army Medical Center.!” 

noted and was correlated with the emergence of The length of hospital stay is dependent on a com- 


Ag» resistant organisms. 


bination of factors, namely, injury size, age, regional 


The results reported in the current review suggest problems of post hospitalization placement and re- 
moderate improvement when compared tothe previous gional rehabilitation potential. During the past year, 


Age 

0-14 

| 15-44 
Fic. 2. Form developed to calculate the 
number of dedicated burn beds required for a 
medical unit admitting a known population 

of thermally injured patients. 
45-64 
? 65 


y Total Bed Days 
a Total Bed Days 


BURN UNIT BED REQUIREMENTS 


Burn Size No. x Survival x LOS = Total Bed Days 
10 ha 1.00 16 OD 
30 | AP 0.90 35 A^ 
50 e 0.60 44 Jer 
70 AN 0.20 103 mes 
90 P AR 0.10 117 TV 
10 á As 1.00 17 d 
30 ae 1.00 36 No 
50 i 0.80 56 ods 
70 a 0.40 77 AE 
90 EH 0.10 99 Poa 
10 „oe 0.90 25 zn 
30 whe 0.70 37 2 
50 I 0.30 61 a 
70 FI. 0.05 84 PE 
90 Le. 0 102 on si 
10 x: 0.80 33 ; 
30 AN 0.30 72 ub. 
50 (ew 0.12 101 "T 
70 e 0 131 JEA 
90 (0) 161 


-Time Period of Admission Profile Days 


=Minimum Bed Requirements (100% Occupancy) 


Minimum Bed Requirements (100%) - 0.8 = Bed Requirements (80% Occupancy) 
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TABLE 9. Burn Mortality Study (Survival Following Burn Injury LAs») 


Age (Years) 


Ann. Surg. e October 1980 
TABLE 10. Burn Mortality Study (LAs) 


Age (Years) 


0-14 15-44 45-64 >65 


0-14 15—40 >40 >65 
Study : 
Bull (1949)* si 43 23 9 Pruitt 
95% C.L. (43-66) (37-55) (17-40) (6-15) 1950— 1963 30 52 35 — 
(95% C.L.) (36-45) (49-55) (30-41) 
Bull (1954)? 49 49 27 10 
95% C.L. (44-55) (40-53) (21-33) (8-14) 1964— 1968 56 62 40 -— 
(95% C.L.) (52—62) (59—65) (35-47) 
Pruitt (1963) 48.5 55.8 29 re 
95% C.L. (42.3—55.5) (52.7 59.2) (23.9-35.2) 1969-1973 40 52 34 
(95% C.L.) (36-44) (50-54) (30—38) 
Curreri (1979)* 62 63 38 23 
95% C.L. (55-69) (58—68) (33—43) (19-28) 1974—1975 46 58 36 — 
(95% C.L.) (40—54) (54—62) (26—43) 
aggressive burn wound excision has been instituted in Curreri 
two subgroups of patients in order to obtain improved S 62 93 di à 
groups OF p p (95% C.L.) (55-69) (58-68) (33-43) (19-28) 


functional results without adversely affecting survival. 
These subgroups included patients between 15 and 44 
years with 20-60% TBS burns and patients between 
45 and 64 with 1-40% burns. By comparing the last 
331 patients to the first 606 patients, it is possible to 
assess the effect of this more aggressive surgical 


approach on length of stay. No change in mortality - 
occurred, while a statistically significant decrease in 
length of hospitalization occurred. 

A chart has been designed to allow calculation of 


BURN UNIT BED REQUIREMENTS 


Age Burn Size No. x Survival x LOS = Total Bed Days 
10 58 1.00 16 928 
30 iW 0.90 35 Al) 
0-14 50 8 0.60 44 2 
70 e ^ 0.20 103 WwW 
90 3 0.10 117 J$ 
10 bl 1.00 17 1377 
30 37 1.00 36 (332. ~ 
15-44 50 » 0.80 56 627 
70 $ 0.40 77 /$y Fic. 3. Completed form estimating total 
90 to 0.10 99 99 number of beds required for the New York 
Hospital-Cornell Medical Burn Center. 
10 ay 0.90 25 SYO s p ocu sea ila ae 
30 Uf 0.70 37 363 dedicated beds for treatment of thermally 
45-64 50 g 0.30 61 / injured patients. 
70 E 0.05 84 ae 
90 E. 0 102 0 
10 Fh 0.80 33 502 
30 4 0.30 72 259 
> 65 50 6 0.12 101 _78 
70 g 0 131 0 
90 3 0 161 _0 
Total Bed Days = 7/57 


Total Bed Days 7757 -Time Period of Admission Profile Days 365 
=Minimum Bed Requirements (100% Occupancy) 9.6 
Minimum Bed Requirements (100%) > 0.8 = Bed Requirements (80% Occupancy) 24.4 


te 
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burn bed requirements for a known burn population 
.by utilizing both predicted length of stay and prob- 
ability of survival. An example of its use is illustrated 
in Figure 3. Three hundred twenty-one patients were 
admitted over a one-year period to the New York 
Hospital Burn Center with the distribution as outlined 
in the chart. In this time period, no admissions were 
refused: thus the requirements as calculated represent 
the need for a given population presenting to this 
center. The need as calculated with this chart was 24.5 
beds. The center has 24 operational beds. With the 
increasing cost of medical care and demand for im- 
proved cost-benefit ratios, the chart may prove useful 
for estimating regional burn bed requirements. 
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DISCUSSION 


Dn. Boyp W. HAYNES, JR. (Richmond, Virginia): Dr. Curreri has 
put together data for us that show, first of all, progress in improving 
burn survival which we are looking for closely, and also the pos- 
sibility of decreasing length of hospitalization, which is important 
today, perhaps, more than ever, in cost containment. 

I'd like to make two comments. First, as regards length of hos- 
pitalization, I think it's apparent that by early excisional therapy 
and early wound closure, one has the capability of shortening hos- 
pitalization, based on early wound healing. This Dr. Curreri has 
demonstrated for us, as have other series. Depending on treatment 
goals, patients with partial-thickness injury may be kept in the hos- 
pital until complete wound healing, or they may be discharged before 
wound healing is complete. Was this situation important in determin- 
ing the length of hospital stay? 

The second comment has to do with mortality, and, as Dr. Curreri 
has told you, the series of probit analyses that have been collected, 
going back to Bull and Squire, do suggest that we are doing better. 
In his series, aggressive excision was compared to a nonexcision 
program which, while showing shortened stay in the hospital, did 
not show any alteration in mortality in the two groups. This suggests 
logically that the reasons for improved mortality in general lie in 
other areas, such as improved nursing care, respiratory support 
and optimum nutrition, which he has alluded to. 


Dr. Basir A. Pruitt, JR. (Fort Sam Houston, Texas): Dr. Curreri 
has performed a service for all of us who are involved in special 
care units. We have suffered at the hands of some uncontrolled 


reports impugning the effectiveness of such units, the apogee of 


which was reached in an article in which more than half of the data 
were retrospectively estimated. Dr. Curreri has unequivocally docu- 
mented improved survival rate. 

(slide) We have used a probit to predict survival, which is simply 
another description of a mortality plane, and Dr. Curreri does im- 
prove on our results for patients younger than 40 years of age. 
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For patients younger than 40 years of age our probit curves go to 
about 5, at a point where the burn size is about 5% below where 
Dr. Curreri's analysis goes from negative to positive. 

I compliment Dr. Curreri and Dr. Shires on this documentation 
of improvement, and I have two questions. What accounts for the 
fact that there is shortened hospital stay, but no improved survival 
with their current excisional program? 

One of the key questions these days is the importance of super- 
ficial second-degree burns. What fraction of the partial-thickness 
burn will heal within three weeks? Clinically, that makes an im- 
portant difference, but it is not ordinarily specified. It can be done 
retrospectively, but has there been a change in the distribution of 
superficial second from deep second or third degree that could ac- 
count for this change, as one might anticipate with improved burn 
center referral patterns today? 


Dr. Harry S. Sonorr (Stony Brook, New York): We all know 
that area for area a third-degree burn is at least twice as serious 
as an area of second degree burn. If you have an 80% second- 
degree burn, you could expect the patient to survive. If it were a 
third-degree burn, he or she probably would not. 

Some time ago an attempt was made to establish a burn index 
in which we tried to take into account the relative severity, or the 
relative importance of equal areas of third and second-degree burns. 
Did you take into account the depth of the wound in your calcula- 
tion of probit? Is it possible that you are seeing fewer patients with 
deep burns than are seen in the military service. Does that factor 
account for your improved survival rate? 


DR. P. WiLLIAM CURRERI (Closing discussion): With respect to 
Dr. Haynes’ and Dr. Pruitt’s comments, we were unable to identify 
any improvement in mortality in those subgroups that underwent 
early burn wound excision. We were able only to verify a decrease 
in hospitalization time of seven to ten days. There may be two 
reasons for this observation. The first is that we routinely chose to 
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perform excision on only those patients whom we felt were at rela- 
tively little risk of death. We have not routinely performed excision 
on patients at high risk, but we do have considerable experience 
in early excision of large burns, and to this date have not shown 
convincing evidence of either improved mortality or decreased length 
of stay. 

Dr. Haynes also questioned our policy with regard to hospitaliza- 
tion of patients with extensive second-degree burns. Patients were 
discharged whenever they could care for the remaining unepitheli- 
alized burns at home with a preplanned home therapy program, 
with or without the assistance of visiting nurses. So I do not think 
that the decreased hospitalization time, reflected in the second group 
of patients as compared with the first group, may be explained by a 
change in policy with regard to discharge of patients with second- 
degree burns. None of the patients was detained in the hospital 
until the burns were entirely healed, unless for social reasons it was 
impossible to place them in either a nursing home or a satisfactory 
home environment. 

Dr. Pruitt brought up an interesting point, that is how to delineate 
between superficial second-degree burns, which ordinarily heal 
rapidly, and deep second-degree burns. At the present time, we 
have little capability to assess depth of burn except by visual estima- 
tion. All of us can differentiate the superficial second-degree burn 
from the deep third-degree burn, but classification becomes more 
difficult when we try to grade burn depth that falls between these 
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obvious extremes. To my knowledge, there are no completely satis- 
factory methods for accomplishing this clinically. Our present 
practice is to excise only deep second-degree burns, mixed second: 
and third-degree burns, or full-thickness injury. We attempt to assess 
this between 48 and 72 hours. Patients with obviously superficial 
second-degree burns are treated conservatively and are discharged 
more quickly. When we analyzed the two populations of patients, 
group | versus group 2, we could detect no difference in the propor- 
tion of either second- or third-degree burns, or the relative depth 
of excised second-degree burn. 

Currently, we believe that there is not a significant difference 
with regard to mortality between patients with major second-degree 
and patients with major third-degree burn injury. Since physicians 
have learned to resuscitate patients more adequately, and have been 
better able to control infection, most have a high chance of survival. 
The metabolic consequences, as Dr. Soroff is aware, since he did 
much of the initial work in these areas, are about the same, whether 
one has a deep second-degree burn or a full-thickness burn. Fre- 
quently, the metabolic and the pulmonary consequences are more 
important to ultimate survival than is the relative depth of the burn. 

We would agree with Dr. Soroff, that if one compares a 95 per cent 
full-thickness injury extending into muscle with a 95 per cent flash 
burn, there will obviously be a difference in mortality, but in this popu- 
lation of patients we could not identify any difference in the relative 
distribution of second and third-degree injury. 


Lung Water Changes After Thermal Injury 


The Effects of Crystalloid Resuscitation and Sepsis 


ROBERT F. TRANBAUGH, M.D.,* FRANK R. LEWIS, M.D., JANET M. CHRISTENSEN, B.S., VIRGIL B. ELINGS, Px.D.t 


Respiratory failure after thermal injury is common, but the 
etiologic roles of high volume crystalloid resuscitation, hypo- 
proteinemia, inhalation injury, or sepsis have not been 
specifically defined in human studies. We used the thermal- 
green dye double indicator dilution measurement of extra- 
vascular lung water (EVLW) to follow daily lung water changes 
in seven severely burned adult patients, resuscitated with only 
crystalloid solutions. An average weight gain of 21.3 kg, a 
30% increase (p — 0.001), was present two to three days after 
admission. Admission EVLW for all patients was 7.9 + 1.2 
ml/kg, (means + SD), and EVLW at the time of maximal 
weight gain was 5.9 + 1.4 ml/kg, a 25% decrease (p < 0.05). 
Admission pulmonary artery wedge pressure (PAWP) was 8 
+ 3 mmHg, which was not significantly different from PAWP 
of 13 + 4 mmHg at the time of maximal weight gain. In the 
three patients who died of sepsis, their terminal weight 
averaged 17.8 kg (27%) above their admitting weight (p — 0.01) 
and EVLW was 26.4 + 4.4 ml/kg, a 200% increase (p < 0.02) 
from admission. Their terminal PAWP averaged 22 + 2 
mmHg, a 170% increase (p < 0.005). None of these patients had 
an increase in EVLW until clinical signs of sepsis occurred 
and the rise in EVLW preceded the rise in PAWP. Calculated 
mean plasma colloid osmotic pressure (PCOP) on admission 
was 20.7 + 4.9 mmHg; at the time of maximal weight gain, 
it was 8.6 + 1.7 mmHg (p < 0.001). The PCOP-PAWP 


AR gradient fell to —4 + 4 mmHg (p < 0.001) at the time of 


maximal weight gain and remained less than +4 mmHg 
throughout the study period in all patients. We conclude that 
massive crystalloid resuscitation while maintaining PAWP 
below 15 mmHg does not cause an increase in EVLW during 
the first four days after thermal injury. EVLW actually 
decreases slightly in all patients despite marked weight gain, 
hypoproteinemia and a negative PCOP-PAWP gradient. 
EVLW does not correlate with the PCOP-PAWP gradient in 
either septic or nonseptic periods. Three patients had severe 
inhalational injury and normal EVLW for the first four 
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postburn days. It therefore appears that significant interstitial 
edema does not result from inhalational injury. There is also 
no evidence that thermal injury causes an early increase in 
pulmonary capillary permeability. The occurrence of sepsis, 
however, results in rapid accumulation of lung water, without 
any change in hydrostatic or osmotic forces. This study 
supports the primary role of sepsis in altering pulmonary 
capillary permeability with resulting pulmonary edema. 


ESPIRATORY FAILURE AFTER thermal injury is 
frequently observed but the cause is often not 
clear. Pulmonary edema is commonly implicated, and 
proposed causes for this are excessive crystalloid 
administration with resulting hypoproteinemia®™ 5*1- 
25.27.29.32 inhalational injury'!??*993?5 and pulmonary 
capillary permeability alterations induced by the 
burn?8.10.11.20 Or by sepsis. ennas 
We have used the thermal-green dye double indicator 
dilution technique, which we have shown to accurately 
reflect interstitial water,!^!5?? to follow daily extra- 
vascular lung water changes in seven severely burned 
adult patients. Our purpose was to define the naturally 
occurring EVLW changes after thermal injury and to 
elucidate the etiologic roles of the above proposed 
mechanisms. 


Methods 
Patients 


Seven severely burned adult patients admitted to the 
San Francisco General Hospital Burn Unit from 
January 1979 to November 1979 were studied (Table 1). 
Five patients were male and two were female, with 
an average age of 55 years and an average thermal 
burn of 4096 body surface area. Five patients died: 
three of sepsis, one of cardiovascular collapse and one 
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TABLE 1. Patient Characteristics 


Inhala- 
Pa- Per Cent tional In- 
tient Sex Age Burn Injury tubated Outcome 
l M 71 45 Probable Yes Died day 3 
C-V collpase 
2 F 65 35 Yes Yes Died day 29 
sepsis 
3 M 48 30 Yes Yes Died day 8 
sepsis 
4 M 35 30 Yes Yes Died day 19 
sepsis 
5 M 38 45 Possible No Lived 
6 F 68 38 No No* Died day 10 
aspiration 
7 M 54 55 Possible No Lived 


* Intubated postburn day 9, after aspiration of gastric contents. 


of aspiration, 3—29 days postburn. None of the patients 
had known cardiopulmonary or systemic diseases, 
except for patient #6, who had adult onset diabetes 
mellitus requiring insulin. 

Criterial for inhalational injury were modified from 
those previously reported,”! so that inhalational injury 
was considered possible for all patients with a flame 
burn, but impossible for those with a scald injury. 
Inhalational injury was considered probably if one or 
two of the following were present, and definite if 
three or four were present: 1) occurrence of burn in a 
closed space; 2) Presence of facial burns; 3) Soot in 
sputum or oropharynx; 4) Elevation of carboxyhemo- 
globin above 20%. Four patients required immediate 
intubation, and patient #6 was intubated on her ninth 
postburn day after massive aspiration. 


Protocol 


After admission to the Burn Unit and initial burn 
wound care, all patients had a pulmonary artery or 
central venous pressure (CVP) catheter placed. A number 
5 French arterial catheter with attached thermistor 
was percutaneously placed in either common femoral 
artery via the Seldinger technique. All patients re- 
ceived only crystalloids (Lactated Ringer’s solution) 
using pulmonary artery wedge pressure (PAWP) and 
urine output (UO) as guides to adequate resuscitation. 
Fluid was freely administered to maintain PAWP 
between 8 and 15 mmHg, and UO at “4-1 ml/kg/hr. 
Systemic and pulmonary arterial and venous pressures 
were measured hourly. Thermodilution cardiac out- 
put, arterial and venous blood gases and pulmonary 


i Edwards Laboratory, Santa Ana, CA. 
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ventilatory mechanics were measured one to six ti 
daily, as indicated. Chest x-ray, and routine 
chemical and hematological parameters were m 
tored daily. Plasma colloid osmotic pressure (PC 
was calculated from total serum protein concentrz 
according to the regression equation of Landis 
Pappenheimer."® 


EVLW Measurements 


EVLW measurements were performed on admis 
and daily, as we have previously described.'5 | 
hundred twenty-five individual measurements of EV 
were made on seven patients, each studied an ave 
of 11 days (range: 3-29 days). Briefly, 10 ml of 
saline solution containing 5 mg of indocyanine g 
dye are injected centrally as a bolus using a CVP 
or the pulmonary artery catheter's proximal | 
Green dye concentration is measured by withdra\ 
blood sterilely from the femoral artery cathete 
30 ml/min through a cuvette§ attached to a green 
densitometer.' The withdrawn blood is reinfused a 
completion of each measurement. The thermal 
green dye signals are digitized by a small bec 
microprocessor, and EVLW is computed as 
product of the thermodilution cardiac output time: 
difference in means times of the thermal and g 
dye curves. Mean times are corrected for the resp: 
time of the measuring instruments. Three seque 
EVLW measurements are made and their n 
recorded as the EVLW for that time. After i 
burn wound care and placement of monitoring | 
an admission EVLW was obtained. Thereafter, EV 
was measured daily. All EVLW results are expre 
as ml/kg of initial body weight. 


Statistical Analysis 


The two-tailed Student's t-test was used to com 
two sample means. Analysis of variance and 
Student Newman Keuls test were used for m 
sample comparisons. Regression analysis was don 
the method of least squares. We accepted p < 
as significant. Values are expressed as mean + st 
ard deviation.?? 


Results 


Table 2 summarizes for all patients the chang: 
EVLW, weight, serum albumin, PCOP and P; 
from time of admission to time of maximal w 
gain, which occurred two or three days postt 


§ Waters Inst. Model DC-410, Rochester, MN 55908. 
' Waters Inst. Model DC-401. 
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TABLE 2. All Patients 


Weight EVLW Albumin PCOP PAWP PCOP-PAWP 
(kg) (ml/kg) (g/dL) (mmHg) (mmHg) (mmHg) 
Admission 72.0 Tu 1.2 3.6 + 0.4 20.7 + 4.9 8+ 3 13 +5 
Maximal weight gain 
(48-72 hours) 93.3 5.9 + 1.4 1.7+ 0.4 8.6 + 1.7 13 +4 -4+4 
% A +30% -25% — 53600 — 5896 +62% m 
p 0.001 0.05 0.001 0.001 NS 0.001 


Despite a mean weight gain of 21 kg and marked 
hypoproteinemia with a mean PCOP-PAWP gradient 
of —4 mmHg, EVLW decreased 25%. PAWP rose 
62% at the time of maximal weight gain, but remained 
within the normal range. 

EVLW and detailed hemodynamic data on all seven 
patients at admission, maximal weight gain and either 
death or final study day are presented in Table 3. 
EVLW remained normal or low (range: 3.1—7.1 ml/ 
kg) throughout the study period for the two surviving 
patients (#5 and #7) and for patient #6 prior to 
aspiration of gastric contents on day 9. In these three 


patients average weight increased 2096 by day 3 (p 
<0.05). PAWP (CVP for patient #7) and Pao;Fi,, 
remained normal. PCOP fell in all three patients (p 
< 0.05) so that PCOP-PAWP gradient was negative 
or zero and remained so until completion of the study. 
Figure 1 summarizes tlie postburn changes in EVLW, 
weight, PCOP and PAWP for surviving patients (#5 
and #7) and for patient #6, who is included as a 
survivor for the first seven days postburn because the 
cause of death (aspiration) was unrelated to the meta- 
bolic effects of the burn. EVLW remains within the 
normal range during the initial period after injury 


TABLE 3. Patient Data 





PVR  Paj/ Al- 





PCOP- 
Patient Weight EVLW PAWP Pa CO (dynes-sec/ Fig, PEEP PCOP  bumin PAWP 
(Postburn Day) (kg) (ml/kg) (mmHg) (mmHg) (L/min) cm?) (torr O») (cm H,O) (mmHg) (g/dl) (mmHg) 
#1 
Admission 46.1 7.5 +'0.8 13 25 3.9 246 283 5 — — — 
Maximal wt. gain (1) 67.5 4.9 + 0.4 8 28 4.6 347 149 10 9.0 1.8 l 
Death (3) — 4.7+ 0.4 25 28 2.2 109 80 18 8.0 1.8 —17 
#2 
Admission 60 8.2 + 0.3 8 16 3.0 213 404 0 18.8 3.9 11 
Maximal wt. gain (3) 79 8.1 + 0.7 18 24 5.1 84 245 5 7.0 En. —]11 
Death (29) 78.2 — 24.8 *-0.9 20 35 8.3 144 95 15 8.7 1.4 —11 
#3 
Admission 78.4 9.4 + 0.4 8 18 164 403 5 25.1 4.0 E? 
Maximal wt. gain (2) 100.4 6.0 + 0.5 11 22 11.9 74 250 6 8.0 1.3 —3 
Death (8) 98 23.0 + 1.5 22 35 97 156 12 9.3 1.7 —13 
#4 
Admission 61.3 — 8 15 4.8 116 444 » — — — 
Maximal wt. gain (2) 93.3 6.9 + 0.8 10 23 8.9 117 400 6 6.4 1.3 —4 
Death (18) 76.6" 3L3 € 1.9 23 47 6.4 300 99 20 12.7 2.1 — 10 
#5 
Admission 89 6.6 + 0.8 2 7 6.9 58 138* 0 16.5 32 14 
Maximal wt. gain(3) 110 &. 71.2 13 26 15.3 68 81* 0 8.6 1.8 —4 
Finaly study day (8) 90.4 6.1 + 0.9 137 26 14.1 113 116* 0 13.5 1.9 1 
#6 
Admission 85.0 — 9 18 4.9 146 78* 0 26.8 3.9 18 
Maximal wt. gain (2) 100.0 6.7 + 0.1 14 21 7.4 76 ILI 0 ERZ 2d -3 
Death (10) S86 MWF E02 19 28 9.2 78 154 10 18.4 2.4 =1 
#7 
Admission 84.5 — 107 — 6.5 — 82* 0 16.5 3.4 6 
Maximal wt. gain (3) 101.4 4.8 + 0.5 177 — 11.7 — 74* 0 10.4 2.0 —7 
Final study day (7) 95 5.9 + 0.2 Tt — 13.7 == 96* 0 112 1.9 4 


— Àá—Bá—II—a€—— L 


* Pao, is spontaneous ventilation with 5L/min at O, delivered 
by nasal prongs. 


t CVP in mm Hg. 
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and continues normal as peripheral edema is mobilized 
from day 4 through day 7. The mild rise in PCOP 
occurring from day 2 through day 7 did not reach 
statistical significance. 

Figure 2 shows EVLW for all patients on all non- 
septic study days plotted as a function of the cor- 
responding PCOP-PAWP gradient and demonstrates 
the independence of EVLW from PCOP-PAWP gradi- 
ent (r = 0.04, p = NS). 

EVLW rose dramatically in three patients who died 
of sepsis (#2, #3 and #4). We define sepsis as the 
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Fic. 2. EVLW as a functon of the PCOP-PAWP gradient is shown 
for all nonseptic patient-study days. EVLW is normal over a large 
range of gradients. The regression equation is: 


EVLW = 6.6 + 0.11 (PCOP-PAWP) and r = 0.04, p = NS. 
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Fic. 1. EVLW, weight and 
PCOP changes from admis- 
sion to seven days post- 
burn are graphically shown 
for the three surviving pa- 
tients (including patient #6 
as a survivor until day 9, 
when aspiration occurred). 
PAWP is also shown as a 
bar graph for each post- 
burn day. EVLW and PCOP 
values are expressed as 
mean + SEM. 


PAWP (mmHg) 


occurrence of positive blood, sputum or wound 
cultures with associated fever and leukocytosis. 
Despite increasing PEEP levels, Pao;/Ft,, decreased 
steadily until death, correlating significantly with the 
observed rise in EVLW (p < 0.01). PCOP fell mark- 
edly at the time of maximal weight gain and remained 
low until death. PCOP-PAWP gradient averaged —6 
mmHg at maximal weight gain and — 11 mmHg at time 
of death (p = NS). Neither PCOP nor PCOP-PAWP 
gradient correlated with the observed rise in EVLW. 

Table 4 analyzes the three septic patients (#2, #3 
and #4) at admission and immediately prior to death. 
EVLW. increased threefold while terminal weight 
averaged 27% above admission weight. Weight changes | 
followed a bimodal pattern with an initial peak at two 
to three days, followed by a decrease, then a secondary 
increase in weight occurring after the onset of sepsis. 
The maximal weight gain with sepsis was thus com- 
parable to the maximal weight gain following initial 
resuscitation, but the changes in EVLW are strikingly 
different. 

Table 5 defines, temporally, the changes noted above 
that occur following the onset of sepsis. If the day 
of the first clear evidence of sepsis is compared to 
the days immediately following, the relation of the rise 
in EVLW to the changes in weight, PAWP and PCOP 
becomes clear. Figure 3 summarizes this relationship 
at five distinct points in the postburn time period: 
A —admission, M— maximal weight gain, S— onset of 
sepsis, S + 1—first day after onset of sepsis, S + 2— 
second day after onset of sepsis and D— death. Over 
the three day period, S to S + 2, EVLW increased 
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TABLE 4. Septic Patients 








Weight EVLW Albumin PCOP PAWP PCOP-PAWP 
(kg) (ml/kg) (g/dL) (mmHg) (mmHg) (mmHg) 
Admission 66.6 8.8 + 0.8 4.0 + 0.1 22.0 + 4.4 8 + | 14+4 
Death 84.4 26.4 + 4.4 1.7+ 0.4 10.3 + 2.2 22+2 -11 +2 
% A +27% +200% -58% — 5496 +170% = 
p 0.01 0.02 0.005 0.05 0.005 0.005 





17696 (p — 0.05) while weight, PAWP and PCOP 
remained unchanged. This occurred from postburn 
day 4 through day 6 in two patients and from day 22 
to day 24 in the other patient. By death, EVLW 
averaged 26.4 + 4.4 ml/kg for the three septic patients 
(p < 0.02 compared to A, M, S, S + 1), while weight 
and PCOP remained unchanged from onset of sepsis. 
By death, PAWP increased to 22 + 2 mmHg which was 
different (p — 0.02) from PAWP at A and at M, but 
not from PAWP at S, S + 1 or S + 2. Of note is the 
steady increase in PEEP which accounts principally 
for the observed rise in PAWP. 

Figure 4 shows EVLW in these three patients after 
the onset of sepsis, as a function of PCOP-PAWP 
gradient; no correlation exists (r = 0.08, p = NS). 

These two groups of patients, survivors (n — 3) 
and septic patients (n — 3), were analyzed to determine 
if any extraneous factors existed to account for the 


EVLW rise. (Patient #1 is not included in either 
group, as he died on day 3 of cardiovascular collapse 
and was not septic.) There were no significant differ- 
ences in the amount of weight gain, percent burn, age, 
EVLW at admission or at maximal weight gain, and 
PAWP at admission or at maximal weight gain. PCOP 
was not different on admission but at maximal weight 
gain was slightly greater in the septic group, (10.3 + 1.3 
mmHg) than in the survivors (7.1 + 0.8 mmHg) 
(p < 0.05). Although this difference is statistically 
significant, it is probably insignificant physiologically. 
PCOP-PAWP gradient was not different on admission 
or at the time of maximal weight gain. All the septic 
patients had definite inhalational injury and required 
intubation, whereas two of the three survivors had only 
possible inhalational injury and did not require 
intubation. EVLW did not increase in the septic 
patients until the onset of sepsis, five days postburn in 


TABLE 5. Septic Patients 








PVR 
Patients EVLW PA PAWP (dynes/sec/ PEEP PCOP PCOP-PAWP 
(postburn day) (ml/kg) (mmHg) (mmHg) cm ?) (cm H,O) (mmHg) (mmHg) 
#2 
Admission 8.2 + 0.3 16 8 213 0 18.8 11 
Maximal wt. gain (3) S.1- G7 24 18 157 5 7.0 -11 
Sepsis 
onset (22) 9:1 x 0.4 28 20 — 5 11.5 -8 
day 23 12.4 + 1.1 — 18 — 5 9.7 -8 
day 24 172. *: 0.3 39 22 155 8 9.3 —13 
death (29) 24.8 + 0.9 35 20 205 15 8.7 -11 
#3 
Admission 9.4 + 0.5 18 8 164 5 29.1 17 
Maximal wt. gain (2) 6.0 + 0.5 22 11 74 6 8.0 —3 
Sepsis 
onset (4) 8.1 + 0.3 27 15 60 6 9. —6 
day 5 10.6 + 0.4 33 15 83 6 11.9 -3 
day 6 WENS 31 20 64 10 11.5 -8 
death (8) 23,0 21.5 35 22 97 12 —13 
#4 
Admission — 15 8 116 5 — — 
Maximal wt. gain (3) 6.8 + 0.8 23 10 117 5 6.4 —4 
Sepsis 
onset (4) 6.4 + 1.2 30 10 120 6 10.1 0 
day 5 16.6 € 1.7 33 14 94 10 10.4 -4 
day 6 25.2 24.3 30 13 126 10 10.4 —3 
death (19) $1.32 1.9 47 23 340 15 12.7 — 10 
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two patients and 23 days postburn in the other patient. 
It therefore appears that the inhalational injury did not 
directly cause an increase in EVLW though it may 
predispose patients to the development of pulmonary 
sepsis. 


Discussion 
The daily sequential measurement of EVLW in these 
seven severely burned patients resuscitated solely 
with crystalloid has identified consistent findings to 
support the following conclusions: 
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Fic. 4. EVLW as a function of the PCOP-PAWP gradient is shown 
for three patients after the onset of sepsis. The regression equation is: 


EVLW = 24.7 + 0.13 (PCOP-PAWP) and r = 0.08, p = NS. 
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Fic. 3. EVLW, weight and 
PCOP changes are com- 
pared for the three patients 
dying of sepsis at six distinct 
points in the postburn time 
period: A: admission, M: 
maximal weight gain, S: 
onset of sepsis, S + 1: first 
day after sepsis onset, S 
+ 2: second day after sep- 
sis onset and D: death. 
PAWP is shown as a bar 
graph, with the correspond- 
ing PEEP level represented 
by the cross shaded area. 
EVLW and PCOP values 
are expressed as mean 
+ SEM. 
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1) Following crystalloid resuscitation to a maximum 
PAWP of 15 mmHg, lung water remains normal 
or decreases slightly during the first four days 
after thermal injury despite marked weight gain, 
peripheral edema and a lowered PCOP. EVLW 
appears to be unrelated to the PCOP-PAWP 
gradient. 

2) Inhalational injury does not appear to directly 
cause significant interstitial edema. 

3) There is no evidence that thermal injury causes 
an early increase in pulmonary capillary perme- 
ability. 

4) Systemic or pulmonary sepsis results in the rapid 
accumulation of lung water without any change in 
hydrostatic or osmotic forces. Thus, sepsis 
induced pulmonary capillary membrane injury is 
the principal cause of pulmonary edema after 
thermal injury. 


There is minimal data in the literature with which 
we can compare our results. The only other comparable 
study was by Morgan et al.,? in which EVLW was 
measured for 48 hours after thermal injury in seven 
patients and in two patients for five to seven days. 
They found a decrease in EVLW during the first 
24—48 hours but did not specifically evaluate the 
effects of crystalloid resuscitation or inhalation injury. 
Because their study did not extend beyond 48 hours 
in all patients, they could not evaluate the effects 
of sepsis. 

In regards to the other conclusions above, we would 
like to address each of these individually and discuss 
the relevant literature in that area. 
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Effect of Crystalloid Resuscitation 


To understand the insensitivity of lung water to 
hemodilution following crystalloid resuscitation, it is 
necessary to examine the Starling equation: 


Ò: — K,({Pmv — Ppmv} — ó(zmv — zpmv]) 


where Q, is the net transvascular fluid flow; K, is the 
fluid filtration coefficient; 5 is the solute reflection 
coefficient; P is the hydrostatic pressure of the micro- 
vascular lumen (mv) and peri-microvascular interstitial 
fluid (pmv), respectively; and 7 is the protein osmotic 
pressure in the microvascular lumen (mv) and the 
interstitial fluid (pmv), respectively. 

This equation dictates that for a decrease in mmv 
(i.e., PCOP), transvascular fluid flow will increase if 
mpmv and hydrostatic forces remain constant. How- 
ever, the osmotic gradient across the capillary mem- 
brane, mmv — czpmv, develops passively*® and any 
change in zmv will be accompanied by a proportional 
change in zpmv. The net osmotic gradient will there- 
fore be relatively insensitive to a decrease in mmv. 
This has been confirmed experimentally by several 
investigators. 

Zarins?* plasmapheresed baboons until PCOP was 
reduced by 76% of initial values. A negative PCOP- 
PAWP gradient resulted, and marked peripheral edema 
and ascites developed. Despite this, pulmonary edema 
did not occur. Pulmonary lymph flow increased seven- 
fold and the osmotic pressure of pulmonary lymph 
assumed to be equal to zpmv, decreased 11 mmHg, 
protecting the lung from edema formation. 

Demling et al.'? further demonstrated the importance 
of osmotic gradient compensation in crystalloid re- 
- suscitated sheep after 4096 thermal burn. They found 
that lowered PCOP was offset by a proportional 
lowering of pulmonary lymph osmotic pressure, so that 
after 48 hours there was no evidence of interstitial 
fluid accumulation. Thus, experimentally, an isolated 
decrease in PCOP, with a negative PCOP-PAWP 
gradient, may cause an increase in pulmonary lymph 
flow, but does not cause interstitial fluid to accumulate. 

Virgilio et al.*! in a prospective randomized study 
of 29 patients undergoing abdominal aortic surgery, 
treated one group only with crystalloid solution, the 
other with colloid solution. The crystalloid resuscitated 
patients developed marked weight gain, peripheral 
edema and a PCOP-PAWP gradient of 2 mmHg, but 
exhibited no clinical, physiologic or radiographic 
evidence of pulmonary edema. The colloid resuscitated 
patients had no change in the PCOP-PAWP gradient 
but two patients in this group developed pulmonary 
edema with a normal PCOp and elevated PAWP. In 
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both Virgilio s work and our series, crystalloid re- 
suscitation was carefully titrated so that PAWP was 
not elevated above 15 mmHg. 

Lowe et al. randomly resuscitated patients op- 
erated on for abdominal trauma, with either colloid or 
crystalloid fluids. They found no difference in pul- 
monary function, survival rate or incidence of respira- 
tory failure, though the volume of crystalloid ad- 
ministered was small and there was no difference in 
plasma protein concentrations in the two groups. 
Both Virgilio and Lowe conclude that colloid adminis- 
tration is costly, unnecessary, and offers no pulmonary 
protection. 

Others?:!»25?? have argued for colloid administration 
and careful maintenance of the PCOP in order to avoid 
pulmonary edema. Holleman et al.'? resuscitated 
burned dogs with either crystalloid or colloid fluids 
and found higher mortality and slightly elevated lung 
water in crystalloid resuscitated dogs. Fluid volumes 
were administered on a kilogram basis in a two to one 
ratio, crystalloid to colloid. The endpoint of resuscita- 
tion was not hemodynamically defined and the higher 
mortality of the crystalloid group may represent 
inadequate resuscitation as cardiac output returned 
to only 4596 of control values at 24 hours, whereas 
Baxter and Shires* found cardiac output to return to 
control values after adequate crystalloid resuscitation 
of burned dogs. In addition, the method used for 
determination of lung water— draining the lungs of 
blood and drying to constant weight—does not 
accurately account for pulmonary blood volume, since 
the amount of blood remaining in the lungs is variable. 
The difference reported in their series between 
crystalloid lung water (82%) and colloid lung water 
(78%) is statistically significant but is of minimal 
physiological significance. 

Rackow et al.” and others??? have reported the 
uniform presence of pulmonary edema with a PCOP- 
PAWP gradient less than 4 mmHg. They employed 
a modified Turner’s radiographic scale to diagnose 
pulmonary edema in 19 patients, all with lowered 
PCOP and either elevated (n = 12) or normal (n = 7) 
PAWP. In the first group, a mean PAWP of 23 mmHg 
was present, and is probably an adequate explanation 
for the edema seen, irrespective of PCOP. The develop- 
ment of pulmonary edema in the second gtoup of 
patients with a mean PAWP of 12 mmHg is less clear. 
Their total group is diagnostically inhomogeneous. 
Associated illnesses, periods of shock or sepsis, and 
the relationship of clinical events to times of study 
are not specified. Degree of hypoxia, need for ventila- 
tion and outcome are also not defined or correlated 
with the radiographic assessment. Finally, pulmonary 


486 


edema is diagnosed by radiographic criteria, which 
are qualitative, nonspecific, and subject to multiple 
extraneous factors. We therefore feel that the correla- 
tion of pulmonary edema with the PCOP-PAWP 
gradient is not clearly shown by their data. 

In the present study Figures 2 and 4 show that no 
correlation exists between EVLW and the PCOP- 
PAWP gradient within the physiologic limits specified. 
In the absence of sepsis EVLW is normal over a wide 
PCOP-PAWP gradient range. EVLW may be elevated 
when the PCOP gradient is negative and PAWP is 
normal or elevated (Fig. 4), but we found this to exist 
only after the onset of systemic or pulmonary sepsis, a 
factor not specified or controlled in Rackow's study. 

Based on our review of the papers above plus our 
findings, we conclude that in crystalloid resuscitated 
burn patients EVLW shows a mild decrease initially 
despite peripheral edema, lowered PCOP and a 
negative PCOP-PAWP gradient, and remains normal 
with edema fluid mobilization. This is true as long as 
there is no permeability increase or marked rise in 
PAWP. We also conclude that the lung is efficient in 
compensating for marked reductions in PCOP, ap- 
parently because of the relatively high fraction of 
serum proteins which are filtered into the pulmonary 
interstitium. The PCOP-PAWP gradient appears to 
have no relation to the amount of pulmonary edema 
presumably because of the lesser influence of osmotic 
forces in the lung compared to hydrostatic forces. 


Inhalational Injury 


The relationship of smoke inhalation to pulmonary 
edema has not been clearly defined. It seems possible 
that smoke inhalation may cause alveolar epithelial 
damage, capillary endothelial leakage and interstitial 
edema,'?* but existing studies do not confirm this. 

Zikria et al.” found that patients dying acutely of 
smoke inhalation do not have wet lungs. In experi- 
mental studies, Zikria et al. found microscopic 
pulmonary edema and a small increase in lung water 
content in 10 dogs subjected to wood smoke inhalation. 
They did not find significant microscopic changes or 
increased water content after kerosene smoke inhala- 
tion. No controls were presented for either group. 

Stephenson et al.” examined 39 dogs in a similar 
model of wood smoke inhalation and found minimal 
lung water changes, though changes in compliance 
and A-a gradient were large. In a subgroup of eight 
dogs crystalloid infusion (74 ml/kg over four hours) 
was superimposed on smoke inhalation. No differences 
were seen when this group was compared to those 
not receiving crystalloid. The authors conclude that 
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the effects of smoke inhalation are principally due to 
ventilation perfusion disturbances, that minimal in- 
creases in lung water occur, and that crystalloid ` 
infusion does not increase lung water. 

Esrig et al.? studied three groups of dogs— the 
first subjected to smoke inhalation only, the second to 
smoke inhalation followed by the intratracheal instilla- 
tion of Pseudomonas bacteria (2 x 10? organisms), and 
the third subjected to Pseudomonas only. Minimal lung 
weight or per cent water changes were seen in the first 
and third groups whereas the second had a 70% in- 
crease in lung weight. These changes can therefore 
be attributed to the increased susceptibility of the 
smoke damaged lung to bacterial invasion. 

In summary, all available studies indicate a minimal 
effect of smoke inhalation on lung water. The disturb- 
ances of respiratory function which are seen appear 
to result from airway closure and atelectasis, not 
pulmonary edema. 

The results in our three patients with definite inhala- 
tion injury are consistent with this conclusion. One 
patient (#4) developed marked pulmonary sepsis on 
postburn day 4, followed by EVLW elevation on day 5. 
The other two patients (#2 and #3) died from burn 
wound sepsis, eight and 29 days postinjury, suggesting 
no relationship to the inhalational injury. Neither 
patient had an increase in EVLW until pulmonary 
or systemic sepsis occurred. It appears that smoke 
inhalation, per se, does not cause pulmonary edema, 
but may predispose to bacterial invasion, which results 
in interstitial fluid accumulation. 


Effects of Thermal Injury on Pulmonary Capillary 
Permeability 


Increased capillary permeability in tissues at the site 
of burning has been clearly demonstrated?!” but 
alterations in permeability at sites distant from the burn 
is less well shown. Brouhard et al.* found that albumin 
extravasation into burned skin of rats peaked at 30 
minutes after injury and ceased by 12 hours. Water 
content in the burned area peaked at three hours and 
then declined. However, unburned skin, liver, spleen, 
muscle, and tail showed no changes in albumin or 
water content. 

Birke et al.? measured the extravascular distribution 
of albumin in four burned patients and found the rate 
of extravasation and the total extravascular pool 
increased, but their methodology did not allow a 
conclusion as to whether this extravasation occurred 
in burned or unburned areas. 

Demling et al.'! found a doubling of pulmonary lymph 
flow in crystalloid resuscitated burned sheep at 18—48 
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hours. They concluded that a selective increase in 
permeability to water and small solutes may be present. 

:However, no permeability increase was seen for 
albumin or larger serum proteins. Also, the observed 
doubling of lymph flow may be a protective mecha- 
nism for the 34% decrease in PCOP which occurred 
secondary to crystalloid resuscitation. 

It appears from the above studies that no evidence 
is available showing a permeability increase in tissues 
remote from the burn site, including the lung. Our 
observations in seven patients are similar. As our 
series increases, we may find patients with early rises 
in EVLW and normal PAWP, representing early 
thermally-induced alterations in pulmonary capillary 
permeability. However, to date, we have not observed 
this in any patient and it is likely that such observations 
will be uncommon. Altered pulmonary capillary 
permeability may in fact be present after burns, but 
of a mild enough degree so that the pulmonary 
lymphatics are able to effectively clear any filtered 
fluid. Significant interstitial fluid accumulation does not 
result as long as PAWP is maintained below 15 mmHg. 
We thus conclude that the evidence available in this 
paper suggests no increase in pulmonary capillary 
permeability early after thermal injury. 


Effect of Sepsis on Pulmonary Capillary Permeability 


Alteration of pulmonary capillary permeability in 
response to sepsis has been evaluated in several recent 
studies. Brigham infused both Pseudomonas? and 
Escherichia coli endotoxin* in sheep and detected a 
permeability increase as measured by pulmonary 
lyniph and protein flow, independent of changes in 

Imonary vascular pressure. Hill et al.,'* using the 
thermal-green dye technique, showed that EVLW 
increased in dogs given live intravenous E. coli, but 
that permeability changes required time and an ele- 
vated microvascular pressure to become evident. 

Experimentally, Brigham? has shown that pulmonary 
lymph flow can increase to 85 ml/hr in sheep with sepsis 
induced pulmonary capillary permeability as a protec- 
tive mechanism to prevent interstitial edema. How- 
ever, if the vascular damage is severe enough, the 
lymphatic capacity will be exceeded. Pulmonary edema 
will then ensue. Presumably, this same protective 
lymph flow mechanism is operative in humans. 

Studies documenting altered pulmonary capillary 
permeability in septic patients are few. Robin et al.?5 
reported increased capillary permeability in two septic 
patients, based on analysis of suctioned pulmonary 
edema fluid. Anderson et al.? found an increased 
clearance of intravenously injected '?'I-labeled serum 
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albumin in septic patients’ bronchoalveolar fluid 
compared to pulmonary edema fluid of patients with 
myocardial infarction. They concluded that sepsis 
altered capillary permeability. 

In our series, the three patients who ultimately died 
of sepsis had normal EVLW until clinical signs of 
sepsis occurred. PAWP, PCOP and the PCOP-PAWP 
gradient were unchanged from the time of onset of 
sepsis to a significant elevation of EVLW one to two 
days later (Fig. 3). Since none of these hydrostatic 
or osmotic factors changed, we conclude that an 
increase in capillary permeability had to be present 
to cause the marked increase in EVLW during this 
period. In addition, it appears that the alteration in 
permeability, induced by sepsis, is severe enough to 
markedly increase fluid and protein filtration, readily 
exceeding the pulmonary lymphatic pumping capacity. 

The daily, sequential measurement of EVLW in 
these seven severely burned patients has identified 
sepsis as the primary event leading to pulmonary 
edema. Crystalloid resuscitation with resulting hypo- 
proteinemia, inhalational injury and burn-induced 
permeability alterations do not appear to cause 
pulmonary edema. We therefore conclude that pul- 
monary capillary membrane injury, induced by sepsis, 
is the principal cause of pulmonary edema after 
thermal injury. 


Acknowledgment 


We wish to especially thank the nursing staff of the San Francisco 
General Hospital Burn Unit for their cooperation, interest and 
expert assistance with this study. 


References 


1. Achauer BM, Allyn PA, Furnds DW, Bartlett RH. Pulmonary 
complications of burns: The major threat to the burn patient. 
Ann Surg 1973; 177:311—319. 

2. Anderson RR, Holliday RL, Driedger AA, et al. Documentation 
of pulmonary capillary permeability in the adult respiratory 
distress syndrome accompanying human sepsis. Am Rev Resp 
Dis 1979; 119:869—877. 

3. Arturson G. Pathophysiological aspects of burn syndrome. 
Acta Chir Scand (suppl) 1961; 274:5— 125. 

4. Baxter CR, Shires T. Physiological response to crystalloid 
resuscitation of severe burns. Ann NY Acad Sci 1968; 
150:874— 894. 

5. Birke G, Liljedahl SO, Plantin LO. Distribution and losses of 
plasma proteins during the early stage of severe burns. Ann 
NY Acad Sci 1968; 150:894—904. 

6. Brigham KL, Woolverton WC, Blake LH, Staub NC. Increased 
sheep lung vascular permeability caused by pseudomonas 
bacteremia. J Clin Invest 1974; 54:792 —804. 

7. Brigham KL, Bowers RE, Haynes J. Increased sheep lung 
vascular permeability caused by Escherichia coli endotoxin. 
Circ Res 1979; 45:292-297. 

8. Brouhard BH, Carvajal HF, Linares HA. Burn edema and 
protein leakage in the rat-I, relationship to time of injury. 
Microvas Res 1978; 15:221- 228. 


488 


9. Carvajal HF. A physiologic approach to fluid therapy in 
severely burned children. Surg Gynecol Obstet 1980; 150: 
379—384. 

10. Cope O, Moore FD. A study of capillary permeability in 
experimental burns and burn shock using radioactive dyes in 
blood and lymph. J Clin Invest 1941; 23:241—257. 

11. Demling RH, Will JA, Belzer FO. Effect of major thermal 
injury on the pulmonary microcirculation. Surgery 1978; 
83:746-751. 

12. Demling RH, Niehaus G, Perea A, Will JA. Effect of burn 
induced hypoproteinemia on pulmonary transvascular fluid 
filtration rate. Surgery 1979; 85:339-343. 

13. Esrig BC, Stephenson SF, Fulton RL. Role of pulmonary 
infection in the pathogenesis of smoke inhalation. Surg 
Forum 1975; 26:204—206. 

14. Hill SL, Elings VB, Lewis FR. Changes in lung water and 
capillary permeability following sepsis and fluid overload. J 
Surg Res 1980; 28:140—150. 

15. Holleman JH, Gabel JC, Hardy JD. Pulmonary effects of 
intravenous fluid therapy in burn resuscitation. Surg Gynecol 
Obstet 1978; 147:161—166. 

16. Landis EM, Pappenheimer JR. Exchange of substances through 
capillary walls. Jn Hamilton WF (ed), Handbook of Physi- 
ology, Circulation. Washington, DC: Amer Physiol Soc, 
Sec 2, Vol II, 1963. p 974. 

17. Lewis FR, Elings VI. Microprocessor determination of lung 
water using thermal-green dye double indicator dilution. 
Surg Forum 1978; 29:182— 184. 

18. Lewis FR, Elings VB, Sturm JA. Bedside measurement of lung 
water. J Surg Res 1979; 27:250-261. 

19. Lowe RJ, Moss GS, Jilek J, Levine HD. Crystalloid versus 
colloid in the etiology of pulmonary failure after trauma—a 
randomized trial in man. Crit Care Med 1979: 7:107— 112. 

20. Martyn JAJ, Burke JF. Is there à selective increase in the 
pulmonary capillary permeability following cutaneous burns? 
(Editorial) Chest 1979; 76:374—378. 

21. Morgan A, Knight D, O'Connor N. Lung water changes after 
thermal burns. An observational study. Ann Surg 1978; 
187:288—293. 


TRANBAUGH AND OTHERS 


+ 


Ann. Surg. e October 1980 


22. Morissette M, Weil MH, Shubin H. Reduction in colloid osmotic 
pressure associated with total progression of cardiopulmonary 
failure. Crit Care Med 1975; 3:115. : 

23. Oppenheimer L, Elings VB, Lewis FR. Thermal-dye lung water 
measurements: effects of edema and embolization. J Surg 
Res 1979; 26:504—512. 

24. Pruitt BA, Erickson DR, Morris A. Progressive pulmonary 
insufficiency and other pulmonary complications of thermal 
injury. J Trauma 1975; 15:369-379. 

25. Rackow EC, Fein IA, Leppo J. Colloid osmotic pressure as a 
prognostic indicator of pulmonary edema and mortality in the 
critically ill. Chest 1977; 72:709-713. 

26. Robin ED, Carey LC, Grenvik A, et al. Capillary leak with 
pulmonary edema. Arch Intern Med 1972; 130:66—71. 

27. Skillman JJ, Parikh BM, Tannenbaum BJ. Pulmonary arterio- 
venous admixture: improvement with albumin and diuresis. 
Am J Surg 1970; 119:440—447. 

28. Staub NC. Pulmonary edema due to increased microvascular 
permeability to fluid and protein. Circ Res 1978; 43:143— 151. 

29. Stein L, Beraud J, Morissette M, et al. Pulmonary edema during 
volume infusion. Circulation 1975; 52:483—489. 

30. Stephenson SF, Esrig BC, Polk HC, Fulton RL. The patho- 
physiology of smoke inhalation injury. Ann Surg 1975; 
652—660. 

31. Virgilio RW, Rice CL, Smith DE, et al. Crystalloid vs. colloid 
resuscitation: is one better? Surgery 1979; 85:129— 139. 

32. Weil MH, Henning Rj, Puri VK. Colloid oncotic pressure: 
clinical significance. Crit Care Med 1979; 7:113- 116. 

33. Zar JH. Biostatistical Analysis. Englewood Cliffs, Prentice- 
Hall. 1974. 

34. Zarins Ck, Rice Cl, Peters RM, Virgilio RW. Lymph and pul- 
monary response to isobaric reduction in plasma oncotic 
pressure in baboons. Circ Res 1978; 43:925—930. 

35. Zikria Ba, Ferrer JM, Floch HF. The chemical factors contribut- 
ing to pulmonary damage in "smoke poisoning". Surgery 
1972; 71:704—709. 

36. Zikria Ba, Weston GC, Chodoff M, Ferrer JM. Smoke and 
carbon monoxide poisoning in fire victims. J Trauma 1972: 
12:641—645. 





DISCUSSION 


DR. Basit A. Pruitt, JR. (Fort Sam Houston, Texas): I offer 
some preliminary data (slide) that have been collected by Drs. Lamb 
and Cleon Goodwin of our institute. They have assessed extravas- 
cular lung water in a group of patients with a similarly sized average 
burn and without inhalation injury who received resuscitation in 
this amount. 

The patients received either lactated Ringer's solution or lactated 
Ringer's solution plus 242% albumin. The confirmatory information 
is on this next slide (slide), which shows a random association be- 
tween lung tissue volume ratio, which is extravascular lung water 
normalized for body size on the basis of alveolar volume, as assessed 
by helium rebreathing technique, and colloid osmotic pressure. 

We do have to come to a parting of the ways when we look at 
changes in lung tissue volume ratio with time, which shows a gradual, 
delayed movement of fluid (slide), presumably from the periphery 
to the lung. Since the patient receives the largest volume in the 
first 24 hours, this subsequent increase represents this mobilization 
to the lung interstitium. 

(slide) Graphically, this is portrayed as is shown here. For an 8% 
increase in body weight during the first 24 hours, we observed only 
a 3% rise in the lung tissue volume ratio. It is puzzling that the 
authors did not observe some change in the extravascular lung water, 
and I would inquire why they believe the lung does not participate 
in this generalized increase in tissue fluid content. 


Since the technique used is flow-dependent, can the observed. ~ 


decrease result from the anticipated more than twofold change in 
cardiae output? Since a number of the authors' patients had inhalation 
injury, how did they control for the effect of the mechanical ventila- 
tion, since six had endotracheal intubation? 

What is responsible for the increased permeability in the septic 
patients? Have the authors evaluated any agents they believe can 
minimize this increase in capillary permeability? 


Dr. JosePH S. MCLAUGHLIN (Baltimore, Maryland): About ten 
years ago at the University of Maryland, we studied a number of 
patients who had suffered trauma of various types, with the purpose 
of identifying the physiologic mechanisms producing the hypoxemia 
so commonly present in this group. Essentially, we found that these 
patients suffered a ventilation perfusion imbalance that accounted 
for their hypoxemia, and that physiologically this could be measured 
by an increase in pulmonary shunting and increased dead space. 

While hypoxemia and these physiologic abnormalities were com- 
monly present in shock and trauma and a variety of other condi- 
tions, it became apparent that the major association was with sepsis. 
Indeed, that is what has been found today: The major increase in 
pulmonary water retention did not occur until the patient became 
septic. 

Is the increase in the pulmonary edema primarily caused by in- 
creased capillary permeability from sepsis, or is some other mech- 
anism in action? For example, the association of myocarditis and 
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myocardial failure with sepsis has been known for many years. In 
the present study, the pulmonary capillary pressure seemed to ele- 
vate only after there was an increase in pulmonary edema, which 
would indicate that the pulmonary edema was secondary to sepsis. 
However, the association of these changes is not entirely clear. I 
believe one may question this, particularly in the light that other 
studies have not found the same type of association. 

A number of these patients died. Dr. Lewis, were autopsies per- 
formed, and if they were, were the autopsy findings correlated with 
the physiologic studies? 


DR. ALEXANDER J. Warr (Detroit, Michigan): I think that Dr. 
Lewis has again dissected the possible causes ofthe increased perme- 
ability of the pulmonary vasculature, concluding that sepsis locally in 
the lungs or distant in the burn areas, or both, is the primary villain. 

Studies done in our department by Dr. Charles Lucas and other 
colleagues in nonburned patients have amply confirmed today's 
findings, demonstrating the harmful, and occasionally the lethal ef- 
fects, of administered albumin in these patients with protein leaks 
from now grossly permeable capillaries. 

The effects of sepsis on membranes throughout the body are re- 
flected in a series of other lesions found in septic patients, such as 
acute erosive gastritis, cholestatic jaundice, renal failure, cerebral 
swelling. At times the early clinical signs of these can be gainfully 
harnessed to alter therapy. 

To what degree did the changes in lung compliance parallel the 
increase in extravascular lung water, and to what extent was this 
change— and I presume there was some—of value in modifying 
your treatment? 

Did age make any difference in your observations? 

Were the site and origin and the degree of sepsis substantially 
reflected in the lung changes? 


Dr. JOHN J. SKILLMAN (Boston, Massachusetts): Dr. Lewis and 
associates’ data seem to support the conclusion that there was no 
increase in extravascular lung water unless sepsis occurred. Although 
inhalation injury in these patients was not thought to be causally 
related to the increase in extravascular lung water, it is notable to 
me that four of the five patients in whom this problem developed 
were intubated at the time of their original problem. I wonder 
whether or not there was some delayed effect of early inhalation 
injury on these patients that might have accounted in part for the 
increase in extravascular lung water. 

Patients with major burns who are treated initially with large 
volumes of sodium and water may, in fact, be somewhat protected 
— from the development of pulmonary edema because they have such a 
large egress of sodium and water into the obligatory space of the 
burn wound itself. 

I wonder, in this regard, since Dr. Lewis did not say in his paper 
or in his discussion that he used any albumin in these patients, 
if he believes that there is a role for the use of albumin, perhaps 
in the delayed phase of burn injury, that is, once the early, rapid 
fluid shifts are gone. It is well known that patients who are not 
given any colloid have a tremendous depression in the serum al- 
bumin concentration. 

Does Dr. Lewis believe there are any differences between the 
effects on extravascular lung water of either primary pulmonary 
sepsis as compared with sepsis that develops in the burn wound area. 


DR. FRANCIS D. Moore (Boston, Massachusetts): I congratulate 
the group at the San Francisco General for completing this difficult 
study, even in this small group of seven patients, all but two of 
whom died. 

One patient died of cardiovascular collapse, having gained 20 kg, 
or 46 percent of her starting body weight in just one day. 

I believe some years ago an editorial was written about '' Modera- 
tion." I would like to ask the authors if, in retrospect, they consider 
that patient's treatment to have been normative for their method 
of therapy. She was a 77-year-old woman who weighed 46 kg. She 
must have been given at least 25 liters of fluid. She died of cardio- 
vascular collapse but with a normal lung water. What was found at 
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postmortem examination? What was the weight of her lungs, both 
wet and dry? 

I am indebted to the authors for allowing me review of their paper, 
I apologize for parting company with some of their thinking. We 
are here looking at gigantic volumes of fluid. These patients averaged 
20 to 25 kg of weight gain in their first two or three days! Patients 
do not gain weight after a burn except by receiving fluid, and they 
have to be given a lot more than gain, because they do not con- 
tinue to lose it. 

Unfortunately, only two of the nonseptic patients had starting 
measurements. Those columns are blank in the tables. I would, 
therefore, like to ask the authors: What is the normal value for their 
method? What is the normal human extravascular lung water by 
their method? 

These are tricky methods. We have worked with them for a few 
years, using both the thermal-dye method and also the tritium-ra- 
dioactive-red-cell method in animals, sacrificing them, taking the lungs 
to dryness, to determine weight and thus checking out the method. 
The data are tricky, difficult and hard to interpret, most especially 
in this paper in the patients who died of sepsis, since they are now 
shown to have lung waters so huge as to be truly incredible; one 
of them 2.2 kg, another 2.0, and another 2.3 kg of extravascular 
lung water at death! This is three to six times the weight of intact 
lung. Did they have pleural effusions as well? Why give such a 
large fluid volume? I again must ask the authors how this fits with 
their common sense view of these isotopic methods. What did they 
find at postmortem examination? How much did the lungs weigh 
(wet and dry) at postmortem examination? 

Finally, I would like to introduce a minor historical correction, 
which fits in with the spirit of our Centennial meeting. Reference 
number 10 is to work by Oliver Cope and F. D. Moore on study of 
burn wounds, burn shock and capillary permeability, using radio- 
active dyes in blood and lymph. The reference date is given as 
1961. It is only fair to mention that it was 1941. 


DR. BEN EISEMAN (Denver, Colorado): My remarks concern the 
mechanisms of RDS. We are all aware that it is possible to drown 
a person with intravenous salt water, and that fluid and sodium 
overload to a patient with lungs damaged by other causes may be 
an important factor in producing pulmonary edema. 

As we pointed out almost ten years ago, late onset RDS, which 
now is what kills the injured, is more complex. It is usually as- 
sociated with distant sepsis and with varying degrees of failure of 
the liver ( jaundice), kidney, clotting mechanism (DIC) and stomach 
(stress ulcer). We call this multiple organ failure. 

We have recently shown that the lungs of both patients and ani- 
mals who die in RDS and multiple organ failure are filled with im- 
mune complexes. Such macroaggregates, along with activated com- 
plement, trap polymorphonuclear leukocytes (PMN) in the capillaries 
of such organs as the lung. Breakdown of the trapped PMN releases 
high energy oxygen in the form of hydroxyl ion (OH), which is 
directly toxic to the pulmonary endothelium. 

It is time, I believe, in the study of this problem to direct our 
energies toward evaluating the efficacy of neutralizing immune 
complex formation, PMN clumping, complement activation and high 
energy oxygen release and damage to the tissues in RDS and multi- 
ple organ failure. These are, I believe, the common mechanisms 
that produce clinical late onset RDS, which among its characteristics 
includes accumulation of lung water. 


Dr. FRANK R. Lewis, Jr. (Closing discussion): Dr. Pruitt, in 
regard to the flow dependence of the method, the thermal dye method 
is different from the isotope method which Dr. Moore referred to, 
in that it appears to fully detect the extravascular water which is 
present in the lung. The isotope method was dropped, in large part, 
because it detected no more than two-thirds of the actual lung water 
present, when the lungs were assayed gravimetrically. It appears 
the reason for that is the speed of diffusion of isotopes versus a 
thermal bolus — the speed of thermal diffusion is 50— 100 times greater 
than the speed of diffusion of even the smallest molecule. Thus 
the isotope method apparently does not give sufficient exposure 
time during the passage of the isotope through the pulmonary capil- 
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laries to thoroughly mix with the whole lung water pool, and there- 
fore the number obtained is falsely low. 

It therefore takes a thermal method, either thermal-dye lung water 
or thermal-conductivity, to fully detect it. 

The second point is that the flow dependence, which was pointed 
out with the isotope method, is not present with the thermal dye 
method. Because the thermal-dye method fully detects lung water, 
changes in cardiac output do not significantly affect the answer 
which one gets. 

In reference to the tissue volume measurement using inhaled 
gases, which Dr. Pruitt spoke about, we feel that that method is not 
as accurate in defining lung water changes as the thermal-dye method, 
because 1) it fails to take account for the intravascular volume of 
blood in the lung. It sees only the total tissue volume, which in- 
cludes blood plus interstitial water in tissue. 2) When one has air 
trapping, or alveolar flooding, the method will give a falsely low 
number for the lung volume. Thus, when one takes the lung tissue 
volume and divides by the volume of the lung, the denominator is 
reduced, and the apparent result is falsely elevated. The absolute 
number wilb not be elevated, only the normalized value, and I think 
that would explain the difference between your results and ours. 

We have specifically evaluated the inhaled gas method in com- 
parison with ours, because one of our associates at San Francisco 
General has used the method, and in 5 dogs given oleic acid the 
inhaled gas method detected only 60% of the lung water measured 
with the thermal-dye method, presumably because of alveolar flood- 
ing, and in two patients, including one in this series, we also meas- 
ured the lung water by that method, and it similarly gave numbers 
that were 40-50% below the true lung water content. 

Thus the inhaled gas method appears to be so dependent on alveo- 
lar ventilation that it does not truly reflect the amount of water 
present when significant alveolar disease is present. 

You asked about mechanical ventilation effects, and these are 
not significant, so it does not matter whether a patient is intubated 
and ventilated or whether he is breathing spontaneously. The indica- 
tor dilution curves extend over a period of 10—40 seconds, and 
therefore span several ventilatory cycles, so the exact phase of 
ventilation when the injection is made is insignificant in the results. 

You asked if we have used any specific agents to alter lung water. 
We have not. We are moving into that at the present time. 

And you asked about the mechanism. I feel that Dr. Eiseman's 
comments probably speak to that better than I could. We have not 
really looked into mechanisms, although the work of Drs. Curreri 
and Shires previously in regard to DIC, which is extremely common 
in septic patients, forms a likely intermediary mechanism. 

Dr. McLaughlin, you asked about any other studies. There has 
been. to our knowledge, only one other study of lung water in burn 
patients using a comparable methodology. That was done by Dr. 
Morgan at the Brigham Hospital, and he measured patients for only 
48 hours, but found similar results to ours. He did not define what 
resuscitative regimen was used, but he did find that there was a de- 
crease in lung water in seven of his nine patients during the period 
of study. 

You also asked about autopsy findings, (slide) in order to validate 
this measurement, we have evaluated it in a series of animals, specifi- 
cally, in about 130 dogs. Shown here are the results in the first 29 of 
these. On the x-axis is the lung water, determined by gravimetric 
measures after killing the animal, and on the vertical axis is the lung 
water measurement immediately prior to killing the animal. The solid 
line is the regression fit to the data of each of those points, and 
the dashed line is the ideal one-to-one correlation. The agreement 
is quite good; and as the numbers have increased, this has not 
changed. 

(slide) We also, through the cooperation of the San Francisco 
Coroner's Office, have begun to study gravimetric lung water in 
patients dying of sepsis, burns, and trauma, and we have 10 patients 
shown here with the same orientation: Gravimetric lung water at 
autopsy and thermal dye lung water measured prior to death. In 
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these 10 patients the correlation is excellent. The one patient in ` 


whom there is a significant error was measured about eight hours 


prior to death, and during that time he was fulminantly septic. We- 


feel that probably both numbers are correct. At the time we meas- 
ured it, the lung was in the lower range, but by the time he died it 
had increased to this point. However, we include this, to show all 
of the data we have. 

The remainder of the patients show a very close correlation. I 
would also add that six additional patients have recently been given 
to me by Dr. Johannes Sturm, of Hannover, Germany, who is doing 
similar studies, and they also fall tightly along the line. 

So, in answering Dr. Moore regarding these tremendous increases 
in lung water up to 2 liters— yes, it really is there. The gravimetric 
analysis confirms that. 

Dr. Walt, in regard to the change in compliance, one can see a 
change in compliance in the individual patient, with compliance de- 
creasing as lung water increases. However, because of differences 
in body size, one cannot group the data for all patients and show a 
definite correlation. 

You asked about the site of sepsis. It was the lung, primarily, in one 
patient, and the burn wound in two patients. 

Dr. Skillman, in regard to delayed effect of an inhalation injury, 
we feel that there would be no reason why the inhalation injury 
would take five days to cause pulmonary edema, if that were pri- 
marily what is involved. The rate of fluid exchange in the pulmonary 
capillaries is quite high, and we feel it can occur more quickly than 
that if the Starling forces favor it. 

You asked about early intubation. That was done because the 
smoke inhalation was severe in those patients. They were hy- 
poxemic, but the point, I think, is that they were hypoxemic because 
of ventilation perfusion abnormalities, as Dr. McLaughlin pointed 
out, and not because of pulmonary edema. 

You asked about a role for albumin; we did not use any albumin 
in these patients at any time, so we do not feel that it appears to be 
necessary. 

Dr. Moore, in regard to your question about the one patient with 
cardiovascular collapse, that patient actually died on the third day, 
not the first day but you were correct about the volumes of fluid given. 
We did have an autopsy on that patient, and we did have the lung 
weighed. We did not get lung gravimetrics; that was before we started 
doing them. The total lung weight on that patient was 620 g, and 
normally the blood volume of the lung is about half of the total weight. 
So the lung water in that patient would have been about 310 g plus or 
minus 10— 2042; thus, in spite of the massive amounts of fluid given, 
the lung was dry. 

I think that's the point of this, and the idea that one will flood 
the patient's lung simply because large volumes of fluid are given 
appears to be incorrect, if the filling pressures are monitored. Our 
classical assumptions, that pulmonary edema and peripheral edema 
increase in parallel, is just not true. 

We would agree with Dr. Moore that this is a tricky method, 
but by using automated technology as we have described, one can 
eliminate most of the variability, and obtain results which seem to 
be reliable. 

Dr. Eiseman, in conclusion, we would also agree that, certainly, 
one can drown patients by giving excessive amounts of crystalloid; 
one has to monitor filling pressure closely while doing so. Our point 
is that if the filling pressure is monitored with the pulmonary artery 
wedge pressure or the central venous pressure, that these large 
volumes are required for adequate resuscitation. And we do not feel 
one is "drowning" the patients when those are monitored appro- 
priately. The point of the measurements is that massive crystalloid 
resuscitation does not appear to increase lung water, so long as capil- 
lary hydrostatic pressures are not excessive. 

In regard to your question about mechanisms, we feel that com- 
plement activation is a very attractive hypothesis, because it does 
accompany DIC, which is common in these patients, and we hope 
to carry out some studies in this area in the near future. 
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Effect of Injury and Infection on Visceral Metabolism 


and Circulation 


DOUGLAS W. WILMORE, M.D.,* CLEON W. GOODWIN, M.D., LOUIS H. AULICK, PH.D., MICHAEL C. POWANDA, PH.D., 


To characterize the role of the liver and kidney in the metabolic 
response to injury and infection, selective catheterization of the 
hepatic (42 veins) and renal veins (21 veins) was performed in 31 
burn patients (mean burn size: 51% TBS), studied 4— 129 days 
postinjury. Blood flow was determined by standard clearance 
techniques (ICG and PAH), and simultaneous arterial and 
- hepatic and/or renal vein blood was obtained for oxygen, glucose, 
. lactate, pyruvate, and amino acids. Patients studied in the first to 
third weeks postinjury were classified as noninfected (8 studies), 
bacteremic (8 studies), or bacteremic with complications (5 
studies). There was no difference in age, weight, mean burn size, 


pulse rate, blood pressure, rectal temperature, total body oxygen. 


consumption, or cardiac index among these groups. Estimated 
hepatic blood flow (EHBF) and hepatic substrate balance of 
these patients were compared with postabsorptive normal 
subjects in the literature (mean SEM or range). 


Complicated 
Normal Noninfected Bacteremic Bacteremic 
Hepatic Blood Flow 
(V min m°) 0.63-0.85 1.54 + 0.12 1.74 + 0.17 1.19 + 0.18 
Oxygen Uptake 
(ml/min m?) 34-40 68 + 4 66 + 5 I3 23 
Glucose Output 
(u M/min m*) 350—450 635 + 35 835 + 54 362 + 60 
Lactate Uptake 
(u M/min m*) 130—160 S T7 431 + 107 268 + 108 
Alanine Uptake 
(u M/min m?) 30—45 124 + 31 213 + 40 42 +11 


Thermal injury alone resulted in marked increases in EHBF, 
hepatic oxygen uptake, and glucogenesis. The added insult of 
bacteremia significantly increased hepatic glucose output; as 
clinical sepsis progressed, glucose output decreased sharply. 
The kidney consistently demonstrated a net uptake of glucose in 
all studies. The changes in hepatic glucose output in bacteremic 
patients occurred without significant differences in EHBF, 
oxygen utilization or lactate uptake, but were associated with 
marked alterations in amino acid uptake. 
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HE METABOLIC RESPONSE to major injury is char- 
T acterized by hypermetabolism,??* increased he- 
patic glucose production,!*!5?5 accelerated ureagene- 
sis, and increased urinary nitrogen excretion.*?? Mul- 
tiple trauma or severe injury is frequently complicated 
by infection. As the septic process progresses, organ 
dysfunction occurs resulting in increased morbidity and 
mortality. To gain further understanding of the met- 
abolic alterations which occur following trauma and 
trauma complicated by infection, we studied splanchnic 
and renal blood flow, regional oxygen consumption, 
and substrate exchange in patients with extensive 
thermal injury who were free of infection, in burned 
patients with bacteremia, and in burned patients with 
sepsis associated with severe organ dysfunction. 


Materials and Methods 
Subjects 


Twenty-nine male and two female burn patients were 
studied (mean burn size: 51% total body surface, range: 
41—83.546). Patients had no known pre-existing disease 
prior to injury. While most were studied between the 
first and third weeks postinjury, some patients were 
studied as early as the fourth postburn day or as late 
as 127 days postinjury. Serial measurements were per- 
formed on 6 patients to evaluate the effect of time and 
septic complications on posttraumatic circulation and 
metabolism. Patients studied between the fourth and 
twenty-ninth postburn days were matched for burn size 
and placed into one of three categories defined prior 
to study and based on clinical and laboratory criteria 
(Table 1). 

Noninfected patients. These patients were: 1) nor- 
motensive and hemodynamically stable after an unevent- 
ful resuscitation; 2) in a normal state of hydration with 
hematocrits greater than 30 and without abnormalities 
in serum osmolality, pH, or concentrations of electro- 
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TABLE 1. Characteristics of Patients (Mean + SEM) 





Noninfected 
Burn Patients 


Bacteremic Burn 
Patients With 
Complications 


Bacteremic 
Burn Patients 





Number of Patients 

Number of Studies 

Age (Years) 

Weight (kg) 

Body Surface Area (m?) 

Per Cent Total Body Surface Burn* 

Per Cent 3? Degree Burn* 

Post Burn Day Studied 

Positive Blood Cultures Before Day of Study 
Positive Blood Cultures on Day of Study 
Died 


ts UR. Lade. 
O S o È 
NN 
© co i+ I+ HHI H CON 


coc 


-DORN 


— 
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N 


8 4 
8 5 
26 + 2 33 4$ 3 
7 64.2 = 5.5 83.9 + 4.0 
.07 1.81 + 0.07 2.03 + 0.06 
0 62.0 + 3.0 64.5 + 4.0 
0 14.0 + 6.0 22.9 £ 7.5 
IS 2 I3 x6 
6/8' 5/5" 
8/87 5/5§ 
3/8 4/4 





* As determined by the clinical assessment to the closest 0.5%. 

+ Staphylococcus aureus was recovered in four cultures, and gram 
negative organisms were identified in the remaining (three Pseudo- 
monas aurogenosa and one Enterobacterclocca). 

t Age and burn size were considered only once in the description 
of group characteristics. 


lyte, blood urea nitrogen, or creatinine; 3) free of sys- 
temic infection prior to and including the day of study, 
as determined by clinical symptoms and signs, chest 
X-rays, and urine and blood cultures; and 4) alert, co- 
operative and able to participate in the study. 

Bacteremic patients. The subjects met the first two 
criteria of the noninfected patients but had signs of 
infection as characterized by changes in mental status 
(6/8 patients), ileus (5/8 patients), glucosurea (6/8 pa- 
tients), and previous blood stream cultures (6/8 pa- 
tients). All patients in this group had bacteria cultured 
from their bloodstream at the time of the investigation 
and were receiving systemic antibiotics. Since they 
were Studied shortly after the onset of infection, how- 
ever, no clinical or biochemical evidence of specific 
organ dysfunction or multiorgan failure was present in 
this group. 

Bacteremic patients with complications. Although 
these patients had apparently been successfully re- 
suscitated, they became septic (as documented by posi- 
tive bloodstream cultures) early in their posttraumatic 
course and developed evidence of multiorgan failure. 
At the time of the study, all had undergone alterations 
in mentation as characterized by confusion (2/5 patients) 
or obtundation (3/5 patients), and three required me- 
chanical ventilatory support. Renal impairment, as 
documented by serum creatinine greater than 1.5 mg/dl, 
was present in four subjects. All of these subjects main- 
tained adequate circulation and cardiovascular stability 
for several days before and during the study.* 


* One individual required 36 hours of pressor support (dopamine) 
at the time of the initial septic episode, and a second subject became 
hypotensive during the onset of sepsis but responded to volume 
support. Both of these events occurred approximately one week 
before the subjects were studied. 


§ Staphylococcus aureus was recovered in four studies and 
Pseudomonas aurogenosa was found on the other. 

' These cultures represented similar findings to those observed on 
the day of study. Approximately half of the cultures grew 
Staphylococcus aureus and the remaining grew gram negative 
organisms. 


Subject Preparations 


All patients were treated in a similar manner. Pa- 
tients studied within the first three weeks of injury 
had not undergone primary wound excision or other 
operative treatment requiring general anesthesia. Most 
wounds were treated by the exposure method, using 
either silver sulfadiazine cream (Silvadine*)t or 11% 
mafenide acetate (Sulfamylon®).§ In a few individuals, 
small wound areas were covered with dressing soaked 
with 5% mafenide solution. 

Patients received vigorous nutritional support during 
their hospitalization. Those who could not eat received 
tube feedings or parenteral nutrition. Nutrient intake 
for at least three days before each study satisfied at 
least 80% of the patients’ metabolic requirements and 
at least half of the administered calories were carbo- 
hydrate. Body weight was generally stable during the 
week before the study, and no patient studied within 
three weeks of injury exhibited a body weight loss 
exceeding 5% of preinjury weight at the time of 
initial study. 


Study Design 


Patients were studied in the early morning after fast- 
ing since midnight. Those who required intravenous 
fluid to maintain a normal state of hydration received 
0.04 molar nutrient free sodium chloride infusions for 
six hours before and throughout the study. While rou- 
tine clinical care continued in the morning, patient 
manipulation was minimized for at least six hours be- 


ti Marion Laboratories, Inc., Pharmaceutical Division, 10236 
Bunker Ridge Road, Kansas City, MO 64137. 
§ Winthrop Laboratories, 90 Park Avenue, New York, NY 10016. 
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fore the study. Patients who were not able to rest during 
this period of time were not studied. 

Subjects were taken to a nearby x-ray suite where a 
#7 J-catheter was advanced under fluoroscopic con- 
trol through the femoral vein and inferior vena cava 
to deep within the right hepatic vein (3—4 cm from the 
wedge position). In selected patients, the catheter was 
first directed into the right renal vein and blood samples 
obtained before proceeding to the hepatic vein. Once 
proper position was established in the hepatic vein, the 
catheter was secured in the groin with a silk suture 
and adhesive tape and the subject moved to an en- 
vironmental chamber.? Chamber temperature was 
maintained at 30 C and relative humidity between 40 
and 50%. Under local anesthesia, an arterial catheter 
(a #21 polyvinyl tubing) was inserted into the left 
femoral artery and, if not present, a venous catheter 
(#18) was inserted into a large peripheral vein. Cathe- 
ter patency was maintained by slow infusion of 0.04 
molar sodium chloride solution (a syringe pump main- 
tained this patency of the arterial catheter while gravity 
infusion was used for the intravenous lines). Total time 
required for catheter insertion and initial preparation 
was | to 1.5 hours. Following this period, the subjects 
were allowed to rest for at least one hour in the semi- 
dark, warm, quiet room. 

After the equilibration period, blood samples were 
drawn simultaneously from arterial and hepatic venous 
catheters and subsequently analyzed for oxygen con- 
tent, whole blood glucose, lactate, and pyruvate, and 
plasma amino acid concentrations. A bolus injection of 
indocyanine green dye (ICG: 0.5 mg/kg) was then given 
via the peripheral venous catheter and simultaneous 
arterial and hepatic venous blood samples obtained 
at two, four, six, ten, and 12 minutes postinjection. 
~The rate of plasma ICG clearance over this time pe- 
riod provided a measure of splanchnic or estimated 
hepatic blood flow.**" 

Cardiac output was then determined using the stand- 
ard ICG dye dilution technique.?' Three to five de- 
terminations were performed and an average value ob- 
tained. A canopy hood was then placed over the sub- 
ject' s head and oxygen consumption determined by the 
open circuit technique over the next 15-20 minutes.? 


' This technique?* was selected over the more common constant 
infusion method because, in preliminary studies, steady state ar- 
terial ICG concentrations could not be achieved in four of six patients 
using the high-dose infusion rate suggested in the literature. When 
lower doses were used, including those recommended for patients 
with cirrhosis,” completely unpredictable results were obtained. The 
bolus clearance technique also provided another advantage, since a 
marked reduction in the hepatic venous extraction with constant 
infusion signaled the development of back diffusion of the dye from 
the hepatocyte." In these patients, however, back diffusion did 
not occur in the first 12—15 minutes postinjection. 
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Oxygen consumption of patients on ventilators was de- 
termined by Douglas bag techniques. 

Patients usually slept throughout the 1.5- to two-hour 
study period. At the end of each study, pulse rate, 
blood pressure, and rectal temperature were obtained. 
X-ray confirmation of hepatic vein catheter position 
was routinely performed initially and in selected in- 
dividuals throughout the study. 


Study Methods 


Heparinized blood samples were analyzed for oxy- 
gen content (Lex-O,-Con).{ Whole blood glucose was 
measured by the glucose oxidase method,?! lactate by 
enzymatic technique,*' and plasma amino acids by stand- 
ard chromatography.* Hematocrits were determined 
on all samples and were within 5% for each matched 
sample set. All measurements were performed in tripli- 
cate, and an average value reported. Indocyanine green 
dye concentrations were determined using a spectro- 
photometer (Gilford Model #240), and splanchnic blood 
flow calculated from the proportionality constant for 
plasma ICG disappearance, the hepatic ICG extraction 
ratio, and hematocrit.” Extrapolation of the arterial 
ICG disappearance curve to time zero provided an es- 
timate of plasma volume, which compared favorably 
with simultaneous I'*!-albumin plasma volume de- 
terminations performed in five individuals. Splanchnic 
substrate exchange and oxygen consumption were cal- 
culated by multiplying splanchnic blood flow by ar- 
terial- hepatic venous concentration differences. 

Paired and unpaired t-tests were used when appro- 
priate and significance was considered at the p < 0.05 
level. When comparing the three groups of patients, 
the Scheffe technique for multiple group comparisons 


was used. Normal values were taken from the litera- 
ture. !9.12.24.25,29,31 


Results 


The three groups of patients had similar ages, 
weights, body surface areas, and burn sizes, and were 
studied at similar times following their injury (Table 1). 
The systemic responses to injury were comparable in 
all three groups, as reflected by similar rectal tem- 
peratures, pulse rates, blood pressure, cardiac indices, 
and total body oxygen consumption (Table 2). Because 
of the extensive injuries, cardiac output and oxygen 
consumption approached near maximal levels. Arterial 
concentrations of oxygen, glucose, lactate, and pyruvate 
were not significantly different among groups (Table 3). 
The mean arterial-hepatic vein oxygen content dif- 
ferences (A- HV,,,) were 4.6 and 4.1 ml/dl in the unin- 


* Lexington Instrument Corporation, Dallas, TX. 
# Gilford Instrument Laboratories, Inc., Oberlin, OH. 
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TABLE 2. Systemic Responses (Mean + SEM) 
———————————————————————————————ÁUEUEUMWMÁMRÁÁÉMMMRÉRR a S 


Noninfected 
Burn Patients 


Systemic Responses 


Bacteremic Burn 
Patients With 
Complications 


Bacteremic 
Burn Patients 


ee Eee 





Rectal Temperature (°C) 38.5 + 0. 
Pulse (beats/min) 125 = 5 
Blood Pr Hg) 132 + 4 
00 essure (mmHg 0 = 
Cardiac Index (L/min m7?) 8.17 + 
Oxygen Consumption (ml/min : m?) 228 + 


fected burn patients and those with bacteremia, similar 
to the range of 4—5 ml/dl reported in normals.?» How- 
ever, the bacteremic patients with complications had an 
expanded A-H Vo, difference of 6.7 ml/dl, significantly 
greater than the bacteremic patients. The arterial-he- 
patic vein gradient for glucose, in all three groups was 
similar to the 0.4-0.5 mM/L (8-10 mg/dl) reported 
in normal postabsorptive man,?! although the arterial- 
hepatic vein concentration difference for lactate and 
pyruvate appeared increased when compared with nor- 
mals. The arterial—hepatic vein alanine difference in 
the critically ill burn patients with complications was 
sharply reduced when compared to the bacteremic 
group. 

The proportionality constants for green dye disap- 
pearance in the noninfected patients and in the bac- 
teremic group were in the high normal range. This 
value was significantly decreased in those individuals 
with complications (Table 4). No alterations in indo- 
cyanine green dye extraction were noted among groups. 
Estimated splanchnic blood flow ranged between 1-2 
liters/min: m?, elevated above the normal values of 
0.63-0.85 L/min: m?. Splanchnic blood flow accounted 
for 15-20% of cardiac index, a finding similar to pre- 
vious reports in burn patients." Splanchnic oxygen 
consumption was twice normal in all three patients 


3 


oon 
Ww 
Ww 





38.6 + 0.2 38.0 Æ 0.5 
115 * 5 124 — 7 
141 + 6 138 + 10 
ES 68 + 4 

8.79 + 0.41 71.07 = 90.72 
238 + 8 244 + 12 


groups, with the splanchnic bed accounting for approxi- 
mately 25-30% of the total oxygen consumed. No 
differences in splanchnic oxygen consumption were 
observed among patient groups. 

The basal rate of splanchnic glucose output was 
approximately 50% above normal in the noninfected 
burn patients, and increased significantly above this 
level in the bacteremic burn patients (Table 4). How- 
ever, glucose production was significantly less in the 
bacteremic patients with complications when compared 
with the other two patient groups; the rate of glucose 
output in the patients with complications was compa- 
rable to rates reported for normal postabsorptive 
subjects. 

All burn patients demonstrated splanchnic uptake 
of lactate and pyruvate greater than rates reported for 
normals, but there were no differences between pa- 
tient groups in arterial concentrations, per cent ex- 
traction, or hepatic uptake of these three-carbon glu- 
cose precursors. Assuming complete hepatic conversion 
of lactate and pyruvate to glucose in the injured sub- 
jects, these two substrates accounted for 30-50% of 
the glucose produced by the liver. 

Marked differences were noted between groups with 
respect to the splanchnic exchange of amino acids. Of 
the 17 amino acids studied, consistently positive 


TABLE 3. Blood Concentration (Mean + SEM) 
————————'——— c — PRETENDEN 


Bacteremic 
Burn Patients 
With 
Complications 


Bacteremic 
Burn Patients 


Noninfected 
Burn Patients 


——————————————————————————————————————————————————————— 


Normal 
Arterial Oxygen, ml/100 ml 15-18 
A-HV,,,* ml/100 ml 4—5 
Arterial Glucose Concentration, mM/L 4.0—5.0 
A-HV Glucose, mM/L —0.4- -0.5 
Arterial Lactate Concentration, mM/L 0.5-0.7 
A-HV Lactate, mM/L 0.18—0.24 
Arterial Pyruvate Concentration, mM/L 0.06—0.07 
A-HV Pyruvate, mM/L 0.010—0.020 
Arterial Alanine Concentration, mM/L 0.250—0.400 
A-HV Alanine, mM/L 0.080— 0.100 


14.1 + 0.7 13.8 = 0.7 14.0 + 0.8 

4.6 + 0.5 4.] * 0.5 6.7 * 1,07 

220° 9.22 JI o L 6.28 + 0.56 
—0.44 + 0.05 —0.50 + 0.05 —0.33 + 0.05 
1.022 + 0.089 1.444 + 0.256 1.533 + 0.389 
0.244 + 0.044 0.278 + 0.078 0.211 + 0.067 
0.090 + 0.006 0.106 + 0.008 0.118 + 0.017 
0.012 + 0.005 0.011 + 0.004 0.012 + 0.005 
0.345 + 0.051 0.376 + 0.062 0.170 + 0.021 
0.119 + 0.028 0.196 + 0.036 0.058 + 0.0207 


—_—_- Orr —— P a 


* A-HV: arterial-hepatic vein concentration. 


* Bacteremic burn patients versus bacteremic burn patients 
with complications, p — 0.05. 
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TABLE 4. Splanchnic Blood Flow and Rates of Substrate Exchange (Range or Mean + SEM) 


————————————————————aa 


Normal 


Bacteremic 
Burn Patients 
With 
Complications 


Bacteremic 
Burn Patients 


Noninfected 
Burn Patients 


rr EE 


ICG and ESBF 


k/min 0.2-0.3 
Indocyanine green dye per cent extraction 75-90 
Blood volume, ml/kg 70—80 


Estimated splanchnic blood flow, L/min:m? 0.63-0.85 
Splanchnic blood flow as a per cent of 


cardiac index 22-28 

Hematocrit per cent 39-46 
Splanchnic Exchange 

Splanchnic VO,, ml/min: m? 34—40 
Splanchnic VO, as a per cent of total VO, 20-25 
Glucose production, mM/min: m? 0.35-0.45 
Lactate uptake, mM/min:m? 0.13—0.16 
Per cent of glucose from lactate 20-24 
Pyruvate uptake, mM/min:m? 0.005—0.010 


Per cent glucose from pyruvate 1-3 
Alanine uptake, mM/min:m* 0.030—0.045 
Per cent of glucose from alanine 5-9 


* Noninfected burn patients versus bacteremic burn patients, 
p < 0.05. 
* Noninfected burn patients versus bacteremic burn patients with 


arterial-hepatic venous concentration differences 
(A- HV), indicating net uptake, were demonstrated in 
both the noninfected and bacteremic burn patients but 
not those patients with complications (Table 5). Glu- 
coneogenic precursors predominated as the amino 
acids taken up by the liver. In the noninfected and 
bacteremic burn patients these included alanine, gly- 
cine, and tyrosine. A significant uptake of threonine 
and methionine was also observed in the noninfected 
burn patients and serine, proline, isoleucine, phenyl- 
alanine, and lysine were taken up by the bacteremic 
burn patients. 

An increased splanchnic exchange of amino acids 
occurred in the noninfected burn patient when com- 
pared to hepatic amino acid uptake in postabsorptive 
normals. Alanine, which quantitatively is a major nitro- 
gen transport compound from skeletal muscle to liver 
and provides a three-carbon skeleton as a glucose pre- 
cursor, was taken up at an average of 124 u M/min:m? 
in the noninfected burn patients, rates three to four 
times those reported for postabsorptive normals (Tables 
4 and 5). Since arterial concentrations of alanine in 
this group were within the normal range and the per 
cent amino acid extracted was comparable to levels 
reported in normals (approximately 36%?9), the mech- 
anism for this augmented alanine uptake was depend- 
ent on the increased delivery of the amino acids to the 
liver via the elevated splanchnic blood flow. 

In the bacteremic patients, splanchnic uptake of 
amino acids increased markedly when compared with 


0.328 + 0.027 0.273 + 0.030 0.141 + 0.0217 
67 € 4 50 * 5 46 — 8 
82.4 + 4.8 81.9 + 6.3 104.8 + 14.1 
1.54 + 0.12 1.24 4 0.17 1.19 + 0.18 
19.1 + 1.8 2021 16.1 + 2.5 
34 + 1 33.2 f 35 4 | 
68 + 4 66 + 5 73 * 3 
29.8 + 1.5 271.9 x 22 30.3 = L5 
0.635 + 0.035 0.835 + 0.0547 0.362 + 0.06074 
0.377 + 0.077 0.431 + 0.107 0.268 + 0.108 
30.5 & 67 28.8 + 7.4 45.5 + 21.9 
0.019 + 0.008 0.018 + 0.007 0.011 + 0.004 
1.52 + 0.66 1.20 + 0.44 1.32 + 0.40 
0.124 + 0.031 0.213 + 0.040 0.042 + 114 
Ont 25 I x29 hat lo 


complications, p < 0.05. 
t Bacteremic burn patients versus bacteremic burn patients with 
complications, p < 0.05. 


the noninfected burn patients. The total amino acid 
nitrogen taken up by the liver in the bacteremic burn 
patients averaged 131 + 24 uM nitrogen/min:m?, two 
to three times the uptake observed in the noninfected 
burn subjects (48.1 + 10, p — 0.01). Since the ar- 
terial concentrations of the amino acids were similar 
in the two groups and blood flow was comparable, 
the augmented splanchnic amino acid uptake observed 
in the bacteremic patients was solely a consequence of 
increased fractional extraction by the splanchnic bed. 
The average per cent extraction for all the 17 amino 
acids studied was 26 + 6% for the bacteremic burn 
patients, significantly greater than the 8 + 6% (p 
< 0.05) in the noninfected burn group. 

In the bacteremic burn patients with complications, 
the uptake of amino acids was reduced. Alanine ex- 
change, for example, was significantly decreased in 
these individuals when compared to the bacteremic 
subjects. In most instances, the plasma amino acid 
arterial concentrations were less in the complicated 
bacteremic burn patients than in the other two groups, 
and the average extraction for all amino acids was 
only 3 + 3%. 

Renal arterial- venous differences demonstrated a 
widened A-RV,, in the noninfected burn patients when 
compared to the bacteremic patients (Table 6). The 
kidney consistently consumed glucose in all patients 
studied. Renal vein catheterization was performed in 
only two individuals with bacteremia with complica- 
tions. In these patients, the extraction of oxygen and 
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glucose was similar to those values observed in the 
bacteremic group. 


Discussion 
* 


This current investigation provides direct evidence 
of altered glucogenesis which occurs following major 
injury. In the noninfected burn patients, rates of e 
cose production were one and one-half times greater 
than values reported in normal postabsorptive subjects. 
While the normal individual produces approximately 
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200 g of glucose/day, the thermally injured, noninfected ` 


patient releases approximately 320 g of glucose/day. 
This measurement of increased net splanchnic glucose 
production is consistent with data derived from tracer 
studies which suggest increased glucogenesis following 
injury.!* This increased rate of glucose production is 
even more striking in face of the slightly negative 
calorie balance sustained by all patients during the time 
following injury and the fact that hepatic glycogen stores 
were probably partially depleted. Comparable studies 
in control individuals with some degree of caloric re- 


TABLE 5. Arterial Concentrations (A), Arterial-Hepatic Venous Differences (A-HV), Per Cent Hepatic Extraction, 
and Hepatic Exchange of Amino Acids (Mean + SEM) 
Se l 
Bacteremic Burn Patients 


Noninfected Burn Patients Bacteremic Burn Patients with Complications 











Hepatic Hepatic Hepatic 
Exchange, Exchange, Exchange, 
A, A-HV, % I. M/ A, A-HV, Oc iu M/ A, A-HV, % uM/ 
LM/L  &M/L Extr. min : m* LM/L | &uM/L Extr. min : m? „M/L  &4M/L Extr. min : m? 
———————————M———  ——M M —— P 
Taurine 45 —7 —47 —7.3 63 l 30 0.9 44 10 57 5.6 
= 15 + 6 = 35 ca E + 21 + 6 + 43 + 6.0 + 20 + 12 + 4] 72 
Threonine 126 50 36 48.8 115 54 37 31.3 95 35 37 27.6 
* 17 + 12* ^J + 10.6 e373 423 + 12 * 28 * 16 x H + n + 8.7 
Serine 136 10 — 53 12.8 194 88 47 93.8 79 26 22 18.7 
+ 29 * I8 + 65 + 17.5 * 31 + 16* E + 13.11 * INI + 14 + 152 + 10.84 
Proline 239 14 18 9.5 175 69 45 68.9 29 —12 —3 —1.6 
d 55 * 35 21 aie y Pe +36 +17*t fif 4123 + 29% + 9 +3 + 14 
Glycine 269 71 25 66.5 318 128 38 138 158 35 — 12 29.7 
+ 46 + 33* = 7 + 26.4 + 4] + 48* e c7 + 6] + 47 + 35 + 43 + 23.3 
Alanine 345 119 34 124 376 196 53 213 170 58 33 42.0 
+ 5] + 28* E + 3] + 63 + 36* +4 + 40 + 2) + 20 + 107 ^ fi 
Valine 143 — 12 —3 —17.9 213 31 14 65 167 38 5 34.0 
+ 40 © 17 * $t IW «28 +4 + 16 + 50 = 27 + 32 * 35 + 42 
Cystine 23 4 27 5.4 41 21 — 18 18.0 48 27 66 24.2 
* 2 "s * 18 = 38 +16 *20 + 43 + 18.6 + 14 +6 + 16 + 8.3 
Methionine 27 10 38 9.8 37 15 22 15.6 99 74 43 85.2 
£3 + 2 +9 222 +9 -8 + 15 + 10.0 + 61 + 64 + 16 + 78 
Isoleucine 81 3 l 5.0 85 34 36 38.3 43 4 4 9,2 
+7 + 8 + 12 + 6.4 +16 + 12% + 10 + 149 * 17 + 6 +: 21 i 3:8 
Leucine 136 2 0 2.6 102 4] 30 50.0 96 5 -8 8.8 
+ 16 + 13 > Tt + 10.8 = a. x 3 + 10 3 28] 4e 13 + 25 + 26 + 18.8 
Tyrosine 70 18 22 19.3 66 32 31 33.7 62 —6 —20 4.8 
+9 + 6* + 10 + 6.4 * 13 + I" + 19 + 11.9 + 19 4 1l + 38 + 11.8 
Phenylalanine 138 26 12 32.2 142 63 40 67.9 94 27 26 21.3 
+ 19 * 20 + 16 -« EJ = 21 * 17 +9 s 21.1 * 35 + ll +9 + 9.8 
Ornithine 112 21 10 28.9 77 -å 2 12.4 77 18 =73 35.2 
+ 34 * 25 + 13 d 326 +34 +22 + 13 + 153 te 33 + 5l + 88 4 35.4 
Lysine 160 32 19 35.3 217 109 47 119.3 131 52 15 40.6 
* 17 ^ 7 + 10 + 19.2 +48 + 34* +g + 46.9 + 25 + 38 a 37 + 35,1 
Histidine 68 2 3 —6.7 76 10 0 9.3 53 9 13 11.8 
+9 t 12 4 16 + 14 odi e * l6 + 62 + 16.6 + 9 zx fl + 24 = 10.7 
Arginine 69 —]1 —9 12.2 28 -| —35 -0.3 30 —9 —149 1.0 
+ fi + 16 b x 174 e 11 t 4 * 33 p. = 12 + 23 + 93 + 230 
* Arterial and hepatic venous concentrations significantly different p < 0.05. 


by paired t-test, p — 0.05. 
* Noninfected burn patients versus bacteremic burn patients, 


t Bacteremic burn patients versus bacteremic burn patients with 
complications, p — 0.05. 
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- striction are not available, but the study of Garber et al. 
demonstrated that with only three days of starvation 
'there is a marked fall in hepatic glucose production, 
to approximately half the quantity of glucose produced 
in postabsorptive man.'® Finally, renal catheterization 
data demonstrated that the kidney does not participate 
in the increased glucose production following injury, 
and that this function is solely the responsibility. of 
the liver. 

In addition to the increase in glucose produced, these 
data provide evidence of altered gluconeogenesis fol- 
lowing injury. First, the net splanchnic uptake of lac- 
tate and pyruvate appear greater than observed in con- 
trol subjects,?? suggesting increased Cori cycle activity 
following burn injury. This observation agrees well 
with the finding of increased glucose uptake and 
lactate release across injured, but not uninjured, ex- 
tremities.?! Approximately 80% of the glucose con- 
sumed by the burn wound is converted to lactate, and 
previous estimates of peripheral lactate production are 
quite comparable to these measurements of splanchnic 
lactate uptake.?^?! 

Secondly, the enhanced uptake of alanine and other 
glucogenic amino acids in the noninfected burn patients 
is further evidence of an accelerated rate of hepatic 
gluconeogenesis following injury. Because plasma and 
not whole blood amino acids were measured the total 
splanchnic uptake of amino acids is probably under- 
estimated.? However, Chiasson and associates demon- 
strated that 90-95% of the alanine exchanged across 
the hepatic bed was transported in serum, and thus 
alanine can be followed as an index of skeletal mus- 
cle-hepatic exchange of amino acids." Alanine ex- 
change in the noninfected burn patients was three to 
four times the splanchnic uptake observed in normal 
man.'! Moreover, splanchnic alanine exchange rates of 
200—220 4 M/min in the noninfected burn patients com- 
pare favorably with the estimates of peripheral alanine 
release previously reported.* Alanine generally ac- 
counts for 30-50% of the new glucose derived from 
amino acids,'' but in these injured patients 100% con- 
version of this gluconeogenic amino acid to new glucose 
may not occur. This is based on the observation of 
Long and associates, who administered C'*-alanine to 
critically ill patients and found that as much as 32% of 
the tagged carbon rapidly appeared as expired CO,.'? 
However, assuming complete conversion of glucogenic 
amino acids to new glucose, as much as 20-30% of 
the glucose produced in the noninfected burn patients 
could be derived from the carbon skeletons of these 
amino acids (Fig. 1). This value compares favorably 
with theoretical calculations of glucose derived from 
amino acids based on the quantity of nitrogen excreted 
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TABLE 6. The Arterial-Renal Vein Differences* for Oxygen, 
Glucose and Lactate (Mean + SEM) 


Non-Infected? Bacteremicz 


Normal Burn Patients Burn Patients 
Oxygen 
(ml/100 ml) 1.6-1.8 2.41 + 0.14 0.92 + 0.188 
Glucose 
(mM/L) 0—0.056 0.222 + 0.056 0.056 + 0.0568 
Lactate 
(mM/L) —0-—0.001 —0.044 + 0.008  —0.066 + 0.018 


* Only two of the complicated bacteremic burn patients underwent 
renal vein catheterization. The A- RV difference results were similar 
to those reported for the bacteremic patients. Renal blood flow, 
however, was decreased and averaged 0.447 + 0.048 L/min: m". 

t Renal blood flow measured in six subjects averaged 0.693 
+ 0.074 L/min:m?. Normal = 0.552 + 0.037. 

t Renal blood flow measured in three subjects averaged 1.970 
+ 0.380 L/min: m°. 

§ p < 0.05 when compared with noninfected burn patients. 


in the urine.** In contrast to postabsorptive normals 
in whom only 20-2546 of hepatic glucose output can 
be accounted for by gluconeogenesis,” noninfected 
burn patients could derive approximately half of their 
glucose from three carbon precursors. ! 

Finally, it is important to note that the increased 
hepatic uptake of glucose precursors closely matched 
the peripheral release of these substances, and thus 
serum substrate concentrations were maintained at near 
normal levels. Because the per cent extractions of lac- 
tate, pyruvate and gluconeogenic amino acids from the 
blood in the neninfected burn patients were comparable 
to normal values, the increased splanchnic uptake of 
these substances following injury was the consequence 
of greater substrate delivery provided by the increased 
splanchnic bleod flow. 

With the omset of bacteremia, hepatic glucose pro- 
duction increased. While the exchange of lactate and 
pyruvate was not altered when compared to the non- 
infected burn patient, the uptake of amino acids was 
significantly increased in the bacteremic patients. The 
increased hepatic utilization of these glucose precursors 
with bacteremia could be a consequence of either 
greater substrate availability or augmented hepatic 
extraction of circulating substrate. Because blood flow 
and substrate concentrations did not change between 
these two groups, there is little evidence of increased 
amino acid availability in the bacteremic patient. 


** It has been suggested that 4.66 grams of nitrogen from catabo- 
lized protein should yield approximately 16 grams of glucose.*° Since 
these patients excrete 20—30 grams N/day, approximately 80 grams of 
glucose are theoretically derived from nitrogen containing com- 
pounds each day. Thus approximately 25% of the total 320 grams 
glucose/day produced in the non-infected burn patient can be ac- 
counted for arising from amino acids. 
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NON INFECTED 
BURN PATIENTS 


However, there was increased extraction of amino 
acids in the bacteremic patients when compared with 
the noninfected burn subjects. These data suggest that 
the augmented hepatic uptake of gluconeogenic amino 
acids is the consequence of altered intrahepatic me- 
tabolism as a consequence of sepsis, as opposed to 
an increased availability of precursor substrate. The 
fact that serum concentrations were maintained at levels 
comparable to those observed in the noninfected sub- 
jects, support the thesis that this increased hepatic 
amino acid uptake was matched by augmented periph- 
eral release. Finally, all of these alterations occurred 
without changes in regional blood flow or oxygen utiliza- 
tion. The usual response to infection in previously 
healthy individuals is to increase oxygen consumption, 
cardiac output, and splanchnic blood flow,'?'!5 but 
these alterations were not observed in the infected burn 
patients when compared with the noninfected burn sub- 
jects, presumably because of the near maximal total 
body metabolic and circulatory responses to burn injury 
attained before the onset of infection. 

In contrast to the first two groups of patients, the 
septic patients with complications demonstrated di- 
minished hepatic glucose production, reduced amino 
acid exchange, but comparable lactate uptake. It is well 
known that alterations in hepatic production and tissue 
uptake of glucose occur in association with severe in- 





BACTEREMIC 
BURN PATIENTS 
WITH COMPLICATIONS 


fection.^?* The most dramatic symptom complex ob- 
served is hypoglycemia in the newborn associated with 
gram negative sepsis." While animal studies suggest that 
severe infection impairs hepatic glucose production, *?? 
increased clearance (tissue uptake) of glucose has also 
recently been implicated.?* It has been suggested that 
endotoxin blocks hepatic glucose production,” although 
the precise role of this and other bacterial products 
in the metabolic response to infection is unknown. 
However. the commonly used liver function tests did 
not reflect these severe functional abnormalities, char- 
acterized by a reduced glucose production and a di- 
minished amino acid exchange, seen in the complicated 
bacteremic burn patients. In contrast however, the 
clearance of indocyanine green dye was abnormal. This 
and previous work suggests that this test may be used 
as a measure of hepatic dysfunction in critically ill 
patients.*'?* If hepatic amino acid uptake was impaired 
and skeletal muscle amino acid release continued at 
previous rates, the arterial serum amino acid concen- 
trations would rise. Because low, not elevated, amino 
acid levels were observed in the septic patients with 
complications, the data suggests that mechanisms which 
regulate skeletal muscle amino acid release are also 
altered. Although hormone concentrations were not 
obtained in these patients, previous investigations in 
similar individuals have demonstrated an excess, not a 
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lack, of counterregulatory hormones which stimulate 
gluconeogenesis in burn patients with sepsis and com- 

' plications.?* ?* Because hypoaminoacidemia, di- 
minished hepatic amino acid extraction and reduced 
glucose production can be reproduced by administering 
insulin (and glucose) to normals,'? it is important to 
note that hyperinsulinemia has not been previously 
found in similar patients.??* Thus, the exact mech- 
anisms for this altered glucose output in the severely 
ill patients are not precisely known, but the metabolic 
impact appears to affect both the liver and skeletal 
muscle. 

Blood oxygen and substrate concentrations are meas- 
ured with a high degree of precision and accuracy. 
Splanchnic blood flow, however, is not as reliable a 
measurement.” The crux of the evidence demonstrat- 
ing altered net splanchnic glucose production in in- 
fected, critically ill subjects rests on the calculation 
of hepatic glucose production rate which requires an 
estimate of splanchnic blood flow. This flow measure- 
ment is based on the hepatic uptake of indocyanine 
green dye and the kinetics of this inert dye are disturbed 
following infection and endotoxemia.?'?? Thus, as pa- 
tients develop complications, indocyanine green dye 
uptake decreases and these alterations may add to 
variability of the splanchnic blood flow measurement. 
However, there are several lines of evidence that sup- 
port the validity of these regional flow measurements. 
Although burn size, time of study, and other patient 
characteristics are not identical to the patients studied 
by Gump et al., the per cent of cardiac output directed 
to the splanchnic bed in this study is comparable to 
previous measurements in burn patients.'? The splanch- 
nic bed accounts for a large portion of the oxygen con- 
sumed by the body and in nonexercising patients this 
quantity is roughly proportional to the total body oxy- 
gen consumption. In this study, the total body oxygen 
consumption was similar in the patient groups, and 
splanchnic oxygen consumption (calculated using the 
blood flow measurement) was also comparable. More- 
over, in the infected patients with complications, as 
the splanchnic blood flow fell, the A- HV,, correspond- 
ingly increased. Studies in these and comparable pa- 
tients have quantitated blood flow to the extremities?! 
and skeletal muscle.? These flow studies combined with 
the present measurements account for most, if not all, 
of the increased cardiac output following burn injury. 
Thus, the splanchnic blood flow and regional oxygen 
consumption measurements presented in this report 
together with similar studies across other regional 
beds, adequately account for the cardiac output and 
the total body oxygen consumption which occurs in the 
severely burned patient. 

In summary, these studies indicate that: 1) hepatic 
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glucose production increases following major injury; 
2) bacteremia in severely injured patients further aug- 
ments gluconeogenesis by the increased hepatic uptake 
of amino acids; 3) with septic complications, hepatic 
glucose production and amino acid uptake decreases 
and; 4) these changes occur without alterations in 
splanchnic blood flow, oxygen utilization or lactate 
uptake. 
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APPENDIX 


Case 1. 23-Year-Old Man With A 61% Total Body Surface 
Burn Studied Throughout His Hospital Course 





Postburn day studied 15 64 127 
Clinical status S. aureus partially convalescing 
bacteremia — grafted before 
no in- hospital 
fection discharge 
Per cent open wound 61 20 0 
Rectal temperature (°C) 38.5 37.7 37.0 
Pulse rate (beats/min) 132 128 88 
Weight (kg) 50.5 46.4 46.0 
Body surface area (m?) 1.60 1.53 1.51 
Cardiac output (L/min) 12.40 11.19 8.67 
Oxygen consumption 
(ml/min) 400 304 196 
Splanchnic blood flow (L/min) 3.120 2.238 1.300 
Per cent C.O. to splanchnic 
bed 24 20.0 15.0 
A-HV ,, (ml/100 ml) 3.14 3.48 5.54 
Splanchnic oxygen consump- 
tion (ml/min) 98 78 T4 
Per cent O, to splanchnic bed 24.5 29.4 36.7 
Hepatic glucose production 
(M/day) 2.49 1.61 1.04 
Comments 


This patient was first studied after successful resusci- 
tation, followed by three days of positive blood cultures 
for Staphylococcus aureus. On the fifteenth day post- 
burn, blood cultures were still positive for this organism, 
and the patient exhibited a hyperdynamic circulation 
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with a large portion of his cardiac output and oxygen 
consumption being accounted for by flow to the 
splanchnic bed. Hepatic glucose production at the time 
of the infection exceeded twice normal levels. Anti- 
biotic therapy cleared the Staphylococcal infection and 
a large portion of his second degree burn then healed. 
On the sixty-fourth postburn day he was studied again; 
cardiac output, splanchnic blood flow, and total body 
and regional oxygen consumption were still elevated 
above normal, but to a lesser degree. Hepatic glucose 
production remained elevated but had also decreased 
from the previous study period. On the 127th day 
postinjury, the patient was convalescing after burn 
wound closure. The patient's cardiac output was still 
abnormally high, presumably because of the increased 
perfusion still present in the healed wounds. However, 
oxygen consumption had returned to normal. In spite 
of the normal total oxygen consumption, the splanchnic 
bed accounted for a greater than normal percentage of 
the oxygen consumed. This may be due to the tre- 
mendous metabolic burden that the liver had sustained, 
or may be related to the fact that this man had under- 
gone marked loss of muscle mass which resulted in the 
reduced carcass oxygen consumption. Hepatic glucose 
production returned to normal values at the time of the 
last study. Finally, in additional studies, it was noted 
that his patient has undergone renal hypertrophy. 
Blood flow to his kidneys measured during this period 
of convalescence was also markedly increased. 
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Case 2. Blood Flow Inappropriately Elevated For 
Oxygen Extraction In This 24-Year-Old Man 
With 47% Total Body Surface Burns 
and Gram Negative Bacteremia 





Postburn day studied 11 18 53 
Clinical status On ventilator On ventilator. Off 
+ blood Clinical signs ventilator. 
cultures for of infection Donor sites 
P. aeruginosa resolved. on legs. 
Blood 
cultures show 
no growth 

Rectal temperature 

(°C) 39.2 38.3 38.7 
Pulse rate (beats/min) 128 120 112 
Weight (kg) 23 70.4 64.1 
Body surface area 

(m?) 1.87 1.86 1.76 
Cardiac output 

(L/min) 18.15 14.17 13.70 
Oxygen consumption 

(ml/min) 455 536 334 
Central A-V O, dif- 

ference (ml/100 ml) 2.5] 3.78 2.44 
Splanchnic blood 

flow (L/min) 4.690 4.146 3.358 


Per cent C.O. to 

splanchnic bed 25.8 29.3 24.4 
Arterial- hepatic 

vein O, difference 


(ml/100 ml) 1.9 3.36 3.0 
Splanchnic oxygen 

consumption 

(ml/min) 89 139 100 
Per cent O, to 

splanchnic bed 19.6 25.9 29.9 


Arterial-renal vein 

O, difference 

(ml/100 ml) 0.58 1.78 2:3 
Arterial - femoral 

vein O, difference 

(ml/100 ml) 1.9 5.36 4.2 





Comments 


Cardiac output increases with infection, and it has 
been suggested that some of the increase in circulation 
may be due to generalized vasodilatation with high 
flow through regional beds and diminished extraction 
of oxygen. This was not characteristically seen in 
the burned patients studied. However, the exception 
to the rule appears in this 24-year-old man who had 
positive bloodstream cultures for P. aeruginosia due to 
severe pneumonia. On the eleventh postburn day, he 
was studied and found to have a high cardiac output 
and a high splanchnic blood flow. Note that the arterial— 
venous oxygen differences across the splanchnic bed, 
kidney, and leg and lungs are markedly narrow. Use of 
appropriate antibiotics and vigorous respiratory toilet 
resulted in the clearing of the pneumonia. His cardiac 
output diminished wate his oxygen consumption 


increased. Oxygen extraction across the regional beds 
(9 
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returned toward normal. The data from the fifty-third 
postburn day were obtained when some burn wounds 
remained open, and donor sites were present on the 
patient's legs. 


Case 3. Effect of Body Heating in a 25-Year-Old Male 
With a 56% Total Body Surface Burn Who Later 
Developed Burn Wound Sepsis 





Postburn day 8 20 29 
Clinical status hypothermia following invasive on 
hypovolemia environmental Pseudomonas  ventilator 
heating burn wound with 
infection in bacteremia 
left leg and renal 
failure 
Rectal temperature (°C) 36.5 39.1 37.6 37.9 
Pulse rate (beats/min) 100 120 112 120 
Weight (kg) 80.2 80.1 79.8 
Body surface area (m?) 1.99 1.99 1.98 
Cardiac output (L/min) 15.57 17.55 21.3 18.67 
Oxygen consumption ¢ml/min) 418 429 436 470 
Central A-V O, difference 
(ml/100 ml) 2.68 2.44 2.05 2.92 
Splanchnic blood flow 
(L/min) 1.623 1.546 2.884 1.808 
Per cent C.O. to splanchnic 
bed 10.4 8.8 13.5 9.7 
A — hepatic vein O, (ml 100 ml) 9.0 9.7 4.82 7.8 
Splanchnic oxygen consump- 
tion (ml/min) 146 150 139 141 
Per cent O, to splanchnic bed 34.9 34.9 31.9 30.0 
Hepatic glucose production 
(M/day) 1.30 — 2.54 1.16 
A -renal vein O, (ml/min) 4.8 — 1.13 0.4 
Renal blood flow (L/min) — — 0.996 0.783 
Renal oxygen consumption 
(ml/min) — — 11.2 3.0 
Per cent O, to kidney — — 2.6 0.6 
A - femoral vein O, (ml/100 ml) 3.2 1.4 0.63 2.2 
Comments 


On the eighth postburn day this patient was hypo- 
thermic and hypovolemic by blood volume determina- 
tion. Following initial investigations, the patient 
remained in the environmental chamber and was heated 
so that his core temperature rose from 36.5 to 39.1 C. 
The effect of environmental heating alone on this man’s 
circulatory status is shown. Cardiac output and 
splanchnic blood flow increased slightly and A-V dif- 
ference across the leg narrowed, suggesting peripheral 
vasodilatation. On the twentieth postburn day, invasive 
Pseudomonas infection developed in the burn wound 
on the patient’s left leg. This invasive infection was 
associated with a tremendous increase in cardiac out- 
put and hepatic and renal blood flow. The narrow 
A-V O, difference across the kidney (normal 1.5— 1.8 
ml/dl) was associated with diminished renal oxygen 
consumption. The narrow arterial-femoral vein O, dif- 
ference which was obtained from the leg with the infec- 
tion suggests a marked increase in flow to this 
extremity. This finding is similar to results from animal 
experiments: sepsis in a leg results in a narrow A-V 
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difference and increased leg blood flow.t* In spite of 
operative debridement and vigorous antibiotic care, 
the patient continued to have bacteremia and required 
ventilatory support. His renal function continued to 
deteriorate. The study obtained on the twenty-ninth 





++ Hermreck AS, Thal AP. Mechanisms for the high circulatory 
requirements in sepsis and septic shock. Ann Surg 1969; 170:677. 


DISCUSSION 


DR. Joser E. FiscHER (Cincinnati, Ohio): This is another one of 
those elegant studies that Dr. Wilmore and Dr. Pruitt and their co- 
workers have been carrying out, enlarging our understanding of organ 
failure, especially in burn patients, and as applied to all patients in 
overwhelming sepsis, which is being identified as the critical area 
in the care of surgical patients, and the problem of sequential organ 
failure. 

We have been interested in this area from a slightly different 
point of view. Two years ago, before this society, Dr. Freund and I 
suggested (slide) evidence that had impact on this area from the 
standpoint of amino acid metabolism, and which it is interesting to 
see in Dr. Wilmore's data today. In a first group of patients, we 
were able to predict from a single plasma amino acid pattern mor- 
tality. Nonsurvivors shown here had lower levels of branched-chain 
amino acids, lower alanine levels, higher aromatic amino acid levels 
and higher levels of sulfur-containing amino acids. Dr. Wilmore's 
complicated bacteremic patients, perhaps, were similar. 

(slide) In 1979, Dr. Freund presented additional evidence in a 
larger group of patients, in which a single plasma amino acid sample 
was predictive of septic encephalopathy and mortality, with an 80— 
90% degree of accuracy in this group of 40 patients. 

It is interesting, if one looks at the amino acids that are used in 
this discriminant function, that they are almost all the amino acids 
that the liver either metabolizes primarily or influences the concen- 
tration of which in the bloodstream. 

(slide) This slide is interesting because it is not drawn about septic 
patients, but in another metabolic encephalopathy, liver failure. It 
was interesting to me to see that decreased energy production and 
altered amino acid patterns are a common mechanism of death both 
in sepsis and in overwhelming sequential organ failure, with liver 
destruction being, perhaps, one of the key factors, as well as 
cirrhosis. 

Like many excellent papers, this paper raises many more ques- 
tions than it answers, and some of the questions address the mech- 
anism of death in these patients. 

First, what is the mechanism by which liver failure occurs? We 
all seem to be picking up a change in the metabolism of this vital 
organ, ultimately resulting in decreased energy production and 
liver failure. 

In the interpretation of the data in the manuscript, there is an 
appropriate note of caution concerning the methodology. The indo- 
cyanine green technique is difficult to carry out. It involves many 
assumptions concerning the uniformity of hepatic blood flow, 
especially when one is catheterizing a single hepatic vein. There 
Is no assurance that in the six septic patients in which hepatic func- 
tion was deteriorating there was uniformity of extraction or, in fact, 
that the methodology was applicable at all. In the manuscript this 
is dealt with appropriately. Unfortunately, I cannot suggest anything 
better. A lot of the data, and the interpretation of the data, par- 
ticularly the extraction, really depend on the accuracy of hepatic 
blood flow. 

My second question also involves the interpretation of data, and 
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postburn day still demonstrates an increased cardiac. 


output and a large splanchnic bed blood flow. Renal 


blood flow is now markedly diminished and renal 


oxygen consumption further reduced. Hepatic glucose 
production has fallen from the elevated levels seen in 
noninfected burn patients, and this reduction in glucose 
production was a characteristic finding in patients 
studied with multiorgan system failure. 


this is, perhaps, whether or not that unknown amount of glucose 
production might conceivably result from donation by the liver itself 
of amino acids ordinarily intended from structural protein, in which 
these amino acids are being contributed for gluconeogenesis, on a 
teleologic basis, perhaps, for glucose to keep the central nervous 
system alive. In fact, this is an insult from which the liver and the 
kidneys never recover, namely, the donation of their own important 
enzymatic and structural protein for gluconeogenesis. A black-box 
method, which I suspect this is, measuring amino acids in, amino 
acids out, probably would not pick this up, if, in fact, the liver 
itself were the nitrogen donor, instead of the periphery. I would like 
Dr. Wilmore's comments about that. 

Third is the question of what finally happens when hepatic protein 
synthesis fails. Is there anything in the data in these studies sug- 
gesting that fatty acid oxidation, which is the normal supply of 
energy for hepatic protein synthesis, fails at the critical time when 
these patients convert from being bacteremic to being septic and 
bacteremic? Are there any data from the flux studies that suggest 
that this may be the situation? 


DR. GEORGE H. A. Crowts, JR. (Boston, Massachusetts): Dr. 
Wilmore has shown us a number of important metabolic functions 
of the liver in man as they are affected by trauma and sepsis. His 
findings are somewhat difficult to interpret unless one remembers 
that a dramatic change in mobilization of amino acids and produc- 
tion of lactate occur in the posttraumatic or septic states when com- 
pared with normal fasting or starvation. In the latter proteolysis 
predominantly takes place in the viscera, while in sepsis the periph- 
eral tissués, principally muscle, are the greatest source of amino acids 
transferred to the central tissues for gluconeogenesis, oxidation or 
synthesis of the proteins essential to survival. The proof of this is 
found in the experiments of Dr. Tom Ryan of our group, who demon- 
strated that in normal rats starved three days the fat almost dis- 
appeared and liver weight was below normal. By contrast, the septic 
animals with induced peritonitis had livers which contained con- 
siderably more protein than normal. 

The point of this is that after injury or during infection the liver 
must clear the greater peripheral release of amino acids and lactate 
coming from the muscles. The liver really has only two methods 
for clearance. The first is deamination of amino acids for oxidation 
or glucogenesis. The second is synthesis of proteins or peptides of 
a wide variety. Both are energy-requiring processes, and it is a little 
surprising that Dr. Wilmore failed to find an increase of oxygen 
consumption in the sick patients. As Dr. Fischer stated, measure- 
ment of blood flow by dye clearance is variable under disease condi- 
tions, and calculation of oxygen uptake in the liver is at best dif- 
ficult. For all of the conclusions relative to hepatic uptake and release 
of various substances, determination of flow is of major importance. 

I wish Dr. Wilmore had given us the blood concentrations. These 
are a measure of pool size. Recently we have been looking at the 
peripheral production of amino acids and their clearance by central 
tissues. The clearance rate, or the proportion of the extracellular 
pool cleared per minute, gives a good indication of which patient 
is getting into trouble with liver failure. The clearances of amino 
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acids which really show the difference as to who is going to have 
trouble and who is not are the aromatics and the sulfurs, cystine 
and methionine, which also agrees with Dr. Fischer. I would like to 
` hear from Dr. Wilmore about whether lactate as well as amino acids 
were accumulating in these patients. 


DR. STANLEY M. LEVENSON (Bronx, New York): l'd like to ask 
Dr. Wilmore to speculate on the basis for some of the observations 
reported this morning: 1) Is the increased blood flow and increased 
oxygenation, demonstrated in all groups a reflection of more hepato- 
cytes metabolizing at any given moment or an increase in the met- 
abolic rate of hepatocytes per se? There is evidence, for example 
in terms of albumin synthesis, that at any one time probably only a 
third to a half of the hepatocytes are synthesizing and secreting 
albumin. That is, not every hepatocyte is functioning at any given 
time, at least in terms of the albumin synthesis. 2) Since there was 
no change in hepatic oxygen consumption, despite the very marked 
decrease (a factor of 2) in gluconeogenesis— and you will remember 
the diagram he showed indicating the heat expenditure associated 
with gluconeogenesis, what are the other oxygen consuming reac- 
tions which come into play as gluconeogenesis falls? 3) What is 
the signal for the changes he has observed? For example, at one 
level, what are the hormonal changes going on at this time, particu- 
larly as affecting the liver and other key organs which turn off 
gluconeogenesis? 

In closing, as Fischer said, the data raise many questions. Drs. 
Wilmore and Pruitt and their colleagues realize, as we all do, that 
these studies are still at a descriptive level. We would like to hear 
their speculations as to what underlies what they have shown us 
this morning. 


DR. JoHN M. KiNNEY (New York, New York): One ofthe first things 
that was presented was the fact that glucose output from the liver is 
increased in proportion to the uptake of the precursors for glucose 
in noninfected patients. I think we might have expected that. How- 
ever, it was striking that when bacteremia developed in these pa- 
tients there was a sharp increase in the amino acid uptake. 

Would Dr. Wilmore comment on whether the extra amino acid 
uptake could have been only for additional glucose synthesis? 

At this time when a person becomes bacteremic, if they are not 
in shock, it would seem possible that the liver might be called upon 
to make extra acute-phase protein. I wonder if Dr. Wilmore has 
other evidence that this all went for glucose production, and, pre- 
sumably, for an increase in urea output. 

Another aspect of interest has to do with a change between the 
bacteremic patients who were not complicated and Dr. Wilmore's 
final group that had beginning organ failure. The liver has a dual 
responsibility toward peripheral tissues in terms of amino acid up- 
take. One is the constant effort to try to normalize circulating amino 
acid patterns; the other has to do with modifying amino acid uptake 
in terms of protein synthesis in other tissues. Would Dr. Wilmore 
comment on the blood levels of the substrates coming to the liver 
and of the glucose leaving the liver? 

There has been a continuing controversy over what signals the 
liver to change its output of glucose. Is this because of an intrinsic 
metabolism of the liver itself, or is it because of a change in the 
substrates being brought to the liver? I wonder if Dr. Wilmore has 
made the calculations to see whether both of these are involved, or 
is it primarily liver failure, as suggested by Dr. Fischer. 

Many of us have tended to think of the hypermetabolic surgical 
patient as embodying a sort of metabolic package; along with this 
increased energy expenditure is increased urea production, increased 
hepatic output of glucose, increased mobilization and oxidation of 
fat and so on. Dr. Wilmore has shown us in these patients with 
complications that there is a definite dissociation, one occurring 
without the presence of shock. There is a sharp reduction in glucose 
output, but the oxygen consumption is staying at the same high level. 

I wonder if Dr. Wilmore would comment on what purpose this 
continued high oxygen consumption is serving presumably in the 
face of failing oxidative work in the liver and maybe other organs too. 
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DR. DOUGLAS W. WiLMORE (Closing discussion): I would like to 
direct my answers to the discussants’ questions in four general 
categories. 

First, are comments regarding the measurement of splanchnic 
dloodflow. My associates and I examined the technique of measur- 
ing splanchnic blood flow by the constant infusion technique and 
by bolus injection of indocyanine green dye. We found that deter- 
mination of bleod flow based on the disappearance curve after the 
bolus injection of dye appeared preferable. However, the substrate 
data may be examined without the flow measurements; for each 
liter of blood passing through the liver, an amount of oxygen is 
consumed and a quantity of glucose is produced and amino acids 
extracted. There is no question that bacteremic patients with 
complications are extracting far more oxygen for the amount of 
glucose produced and at the same time extracting far less amino 
acids. However, when comparing splanchnic blood flow measure- 
ments with the results reported by others, our studies are quite 
similar. Moreover, measurements of muscle and extremity blood 
flow combined with these splanchnic studies account for most, if 
not all, of the distribution of the cardiac output. These facts all add 
additional credence to the blood flow measurements made in these 
critically ill patients. Moreover, with the narrow arteriovenous 
glucose difference across the splanchnic bed, hepatic blood flow 
would have to exceed well over 60% of the cardiac output in criti- 
cally ill patients with complications in order to account for an in- 
crease in glucose production; proportion of visceral hyperemia 
simply does not occur in these patients. All these factors then aid 
data interpretation and support our conclusions concerning both 
blood flow and substrate influx. 

The second point to discuss is the technique of measuring net 
flux of substrates across the liver. We are measuring substrate input 
and output across a regional bed and multiplying the arteriovenous 
difference by biood flow through that bed. This technique does not 
measure total production. Rather we need to combine these net meas- 
urements with isotopic turnover measurements to see if, as Dr. 
Fischer suggests, the liver in critically ill patients with complications 
may be consuming glucose at the same time it is releasing it. The 
same may occur with amino acids and therefore account for the 
narrow arteriovenous substrate difference across the splanchnic beds 
seen in the patients with sepsis and complications. 

Are the amino acids taken up by the liver directed toward ana 
production? The answer is clearly no. We have measured the arterial 
plasma concentrations of acute phase protein simultaneously in these 
same patients, and some of the results are shown on the table (all 
results in mg/dl, * SEM). 


Bacteremic 
Non- Burn Pa- 
infected Bacteremic tients with 
Normal Burn Burn Complica- 
Values Patients Patients tions 
C-Reactive 
Protein 321.2 25.0 4$ 353. 2674235 Mis 12 
a,, Acid Glyco- 
protein 55-140 5551 +89 1342 + 85* 1175 + 1867 
Transferrin 200—400 186 + 17 86 +7 114 + 25 


* p < 0.01 by Scheffe test, bacteremic versus noninfected burn 
patients. 

* p < 0.01, bacteremic burn patients with complications versus 
noninfected burn patients. 


These changes in plasma protein concentrations suggest that a 
significant portion of the peripherally released amino acids are di- 
rected for acute phase protein synthesis. This is particularly true 
in the case of the o, acid glycoprotein level, which increases mark- 
edly in infection. It is important to re-emphasize that with the onset 
of bacteremia, there is a marked increase in amino acid uptake by 
the liver. This occurs even though there is no concurrent alteration 
in hepatic oxygen consumption or splanchnic blood flow. As amino 
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acids are extracted in increased amounts, glucose production in- 
creases as does the o, acid glycoprotein level. 

One other area that the discussants asked about was the relation 
between hepatic oxygen consumption and the metabolic work per- 
formed by the liver. It appears that free fatty acids are the primary 
oxidized fuel being used by the body. The energy provided for the 
synthesis of glucose and acute phase proteins is likewise most prob- 
ably provided by free fatty acids. In the bacteremic patients with 
complications, oxygen consumption is maintained, yet glucose pro- 
duction falls. We cannot exclude the possibility that there is oxida- 
tive uncoupling in the liver of these individuals with complications, 
but likewise the energy may be diverted for other synthetic purposes 
or to support membrane pumps. 

Amino acid concentrations in injured and bacteremic patients are 
generally near normal levels. The livers in the individuals with bac- 
teremia increased amino acid uptake by increasing extraction; the 
percentage of amino acids extracted equalled approximately 8% 
in the noninfected burn patients, rose to 26% in the injured patients 
with bacteremia, and then fell to only 3% in the bacteremic patients 
with compiications. 

What is the signal that initiates this alteration in intrahepatic me- 
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tabolism? Other studies suggest that glucagon, cortisol and cate- . 


cholamines all stimulate these alterations. Moreover, the decreased 


glucose production and diminished extraction of amino acids ob- 


served in the bacteremic patients with complications can be dupli- 
cated in normal individuals by administering insulin. It should be 
noted that many investigators have suggested that severe sepsis 
mimics insulin administration: blood glucose falls, amino acid con- 
centrations decrease, and amino acid extraction across the liver 
narrows. However, insulin level in these patients is rarely elevated, 
and the cause of these abnormalities appears related to the septicemia. 

Dr. Levinson asks if we are simply observing more hepatocytes 
being perfused or are the individual hepatocytes becoming “‘hyper- 
metabolic.'' The splanchnic arteriovenous difference for oxygen was 
normal in the traumatized patients, and extraction of substrate was 
likewise normal. The major physiologic alteration was the increase 
in regional blood flow. This evidence is compatible with the sugges- 
tion that the hepatocytes are extracting substrates at normal rates 
and supports the thesis that more hepatocytes are being used simply 
because of the increased perfusion and exposure to blood, rather 
than the discrete hepatocyte becoming markedly altered in its meta- 
bolic function. 
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GORE-TEX” 
vascular grafts, 
in brief. 


GORE-TEX vascular grafts are 
made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 
biocompatible. Unlike knitted or 
woven prostheses, they do not require 
pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 


Instructions 
for use. 


Opening the Package: 

Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 


To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 
Take care not to place the graft under heavy 
or sharp objects during sterilization which 
might crush the graft. Insure that you do not 
attempt to sterilize the label attached to the 
PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
contaminate any objects in contact with the 
label during the sterilization cycle. 

Using a gravity displacement steam steri- 
lizer, autoclave at or above these minimum 
requirements: 270°F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 


Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270°F (132°C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482?F (250°C). 

Using gas, sterilize according to equipment 
instructions. 

Do no: sterilize this graft by radiation tech- 
niques. 

The GORE-TEX graft may be sterilized many 
times without compromising its mechanical 
or structural integrity. If the graft is handled 
gently, with gloved hands or clean instru- 
ments and without undue manipulation, 
unused portions of the graft may be sterilized 
as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 


Instructions: 

]. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
on graft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 
the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. To do 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dled with clean forceps or gloves. GORE-TEX 
grafts are not "elastic! Therefore, proper 
matching of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 


4. Bleeding from suture holes may be mini- 
mized by using as small a suture needie as 
possible; and by following the curve of the 
needle through the graft wall. Topical 
thrombin solution may be applied to the 
suture line in conjunction with Surgicel " or 
Oxicel” soaked in thrombin to aid in mini- 
mizing anastomotic bleeding. 


5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture oí the 
graft at the same site, or within 
the same immediate area, 
may cause mechanical 
damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 


Precautions: 

1. Do not pre-clot the graft. 

2. Do not cut the graft while holding under 
excessive tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX graft 
is a composite structure consisting of an inner 
base tube and a thin outer layer which 
reinforces the base tube to prevent aneurys- 
mal dilation. Do not use any portion of à 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


*Surgicel is a registered trademark of Surgikos 
Johnson/Johnson 

*Oxycel is a registered trademark of Parke-Davis, Ine. 

*Betadine is a registered trademark o! 7 
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Should the outer reinforcing layer become 
frayed at the end of the graft, do not pull 

on or peel the outer layer from the base tube. 
Carefully trim off the portion of the graft 
where the outer layer is frayed. 


3. Do not allow the graft to become wetted. 
The normally hydrophobic GORE-TEX Vas- 
cular Graft can be wet with organic solvents ^ 
such as alcohol or Betadine”; by excessive 
manipulation of the graft with blood prior to 
bringing it through the tunnel; or by for- 

cing irrigating solutions through the wall. 

Wetting prior to establishing blood flow 

may create a condition which could allow 

persistent plasma leakage. 


4. Do not puncture the graft repeatedly at 
the same site, or within the same immediate 
area. (See Instruction #4.) 


Please Note: 
Our animal data does not support the use 
of this graft in aorta-coronary bypass applica- 
tions. We have insufficient clinical data on 
which to base any conclusions regarding 
. this application. We 
also have insuffi- - 
cient data on which 
to recommend 
its use as patch 
material. 
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Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, c£ GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue to hold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 


Free reprints, 
test-pack. 


You can have your choice of any 
of the papers listed below, just by using 
the coupon in this advertisement. 

In addition, so that you can test 
the handling and suture-holding 
characteristics of GORE-TEX grafts 
in the most meaningful fashion, we'll 
also be glad to send you a test kit. This 
kit, not intended for actual surgery, 
includes a short length of GORE-TEX 
graft and a 6-0 double-armed suture. 
Just check the appropriate box. 


1. Use in Lower Limbs 


a. The Expanded Polytetrafluoroethylene-Graft 
M. Haimov, M.D., Archives of Surgery 114: 
673-677, 1979; copyrighted by American Medical 
Association, Chicago, Illinois. 

b. Expanded Microporous Polytetrafluoroethylene 
as a Vascular Substitute: A Two Year Follew-Up 
C. D. Campbell, M.D., Surgery 85: 177-183, 1979; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

c. Comparison of Expanded Polytetrafluoro- 
ethylene and Autologous Saphenous Vein Grafts 
in High Risk Arterial Reconstructions for Limb 
Salvage Frank J. Veith, M. D., Surgery, Gynecology 
@) Obstetrics 147: 749-752, 1978: copyrighted by 
The Franklin H. Martin Memorial Foundation, 
Chicago, Illinois. 

d. Expanded Polytetrafluoroethylene Grafts in 
Reconstructive Arterial Surgery — Preliminary 
Report of the First 110 Consecutive Cases for Limb 
Salvage Frank J. Veith, M. D., The Journal of the 
American Medical Association 240: 1876-1879, 
1978; copyrighted by The American Medical 
Association, Chicago, Illinois. 

e. Nonvein Bypass in Below-knee Reoperation 

for Lower Limb Ischemia John J. Bergan, M. D., 
Surgery 84: 417-424, 1978; copyrighted by The 

C. V. Mosby Company, St. Louis, Missouri. 

f. Initial Experience with the Polytetrafluoro- 
ethylene Graft for Limb Salvage: A Report on 
Twenty Patients P. D. Fry, M. D., The American 
Journal of Surgery 136: 193-197, 1978; copyrighted 
by Technical Publishing Company, New York, 
New York. 

g. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A 

Report C. D. Campbell, M. D., Surgery 79: 485-493, 
1976; copyrighted by The C. V. Mosby Company, 
St. Louis, Missouri. 

h. Physical Characteristics of Implanted Poly- 
tetrafluoroethylene Grafts — A Preliminary Report 
Richard F. Kempczinski, M. D., Archives of Sur- 
gery, 917-919, 1979; copyrighted by The American 
Medical Association, Chicago, Illinois. 


2. Extra-anatomical Use 

a. Extra-Anatomic Bypass with Expanded Poly- 
tetrafluoroethylene C. D. Campbell, M. D., 
Surgery, Gynecology e? Obstetrics 148: 525-530, 
1979; copyrighted by The Franklin H. Martin 
Foundation, Chicago, Illinois. 

b. New Approaches to Limb Salvage by Extended 
Extra-Anatomic Bypasses and Prosthetic Recon- 
structions to Foot Arteries Frank J. Veith, M. D., 
Surgery 84: 764-774, 1978; copyrighted by the 
C. V. Mosby Company, St. Louis, Missouri. 


3. Use as Arterio-Venous Fistulae 


a. Vascular Access: Long-term Results, New 
Techniques W. Peter Geis, M. D., Archives of Sur- 
gery 114: 403-409, 1979; copyrighted by American 
Medical Association, Chicago, Illinois. 

b. Expanded Polytetrafluoroethylene Graft Fistula 
for Chronic Hemodialysis Vivian A. Tellis, M. D. 
Annals of Surgery 189: 101-105, 1979; copyrighted 
by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

c. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial Study of Histology and Fibri- 
nolytic Activity R. Shack, M. D., The American 
Surgeon 43: 817-825, 1977; copyrighted by The 

J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

d. Peripheral Blood Access for Hyperalimenta- 
tion: Use of Expanded Polytetrafluoroethylene 
Arteriovenous Conduit T. J. Buselmeier, M. D., 
The Journal of the American Medical Association, 
1977: copyrighted by American Medical Associa- 
tion, Chicago, Illinois. 

e. A Prosthesis for Blood Access in Patients with 
Thrombosis of Peripheral Vasculature T. J. Busel- 
meier, M. D. Dialysis & Transplantation 6: 48-49, 
1977; copyrighted by Dialysis & Transplantation, 
Sherman Oaks, California. 

f. A Synthetic Vascular Conduit (Expanded PTFE) 
for Hemodialysis Access — A Preliminary Report 
B. M. Pasternak, M. D., Vascular Surgery 11: 99-102, 
1977; copyrighted by Angiology Research Founda- 
tion, Great Neck, New York. 


g. Polytetrafluoroethylene Grafts for Arteriovenous 
Fistulae: Preliminary Report A. H. Mohaideen, 

M. D., New York State Journal of Medicine 76: 
2152-2155, 1976; copyrighted by The Medical 
Society of the State of New York, Lake Success, 
New York. 


4. Aorta-Coronary and Pulmonary Use 

a. Aorta-Pulmonary Artery Shunts with Expanded 
Polytetrafluoroethylene (PTFE) Tube S. Subra- 
manian, M. D., The Annals of Thoracic Surgery 
27: 413-417, 1979; copyrighted by The Society of 
Thoracic Surgeons. 

b. Repair of Type B Interruption of the Aortic 
Arch in a Three Day Old Infant Using Micro- 
porous Expanded Polytetrafluoroethylene Arterial 
Prosthesis James S. Donahoo, M. D., Journal of 
Cardiovascular Surgery 20: 57-60, 1979; copy- 
righted by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

c. Use of Microporous Expanded Polytetrafluoro- 
ethylene Grafts for Aorta-pulmonary Shunts in 
Infants with Complex Heart Disease Rufus B. 
Jennings, Jr., M. D., The Journal of Thoracic and 
Cardiovascular Surgery 76: 489-494, 1978; copy- 
righted by The C. V. Mosby Company, St. Louis, 
Missouri. 

d. Aorta-coronary Artery Revascularization with 
an Expanded Polytetrafluoroethylene Vascular 
Graft Taro Yokoyama, M. D., and Jerome Harold 
Kay, M. D., The Journal of Thoracic and Cardio- 
vascular Surgery 76: 552-555, 1978; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

e. Coronary Bypass with GORE-TEX* Graft 

J. Ernesto Molina, M. D., The Journal of Thoracic 
and Cardiovascular Surgery 75: 769-771, 1978; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

f. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of Aorta- 
pulmonary Shunts Alan B. Gazzaniga, M. D., 
The Journal of Thoracic and Cardiovascular Sur- 
gery 72: 356-363, 1976; copyrighted by The C. V. 
Mosby Company, St. Louis, Missouri. 


5. Venous Use 

a. Interposition Grafting with Expanded Poly- 
tetrafluoroethylene for Portal Hypertension Allan 
D. Callow, M. D., Surgery, Gynecology, e? Obstet- 
rics 48: 187-190, 1979; copyrighted by The Franklin 
H. Martin Memorial Foundation, Chicago, Illinois. 
b. Patency of Biologic and Prosthetic Inferior 

Vena Cava Grafts with Distal Limb Fistula Samuel 
Wilson, M. D., Archives of Surgery 113: 1174-1179, 
1978; copyrighted by The American Medical Asso- 
ciation, Chicago, Illinois. 

c. Segmental Venous Replacement: A Compari- 
son of Biological and Synthetic Substitutes David 
E. Smith, The Journal of Thoracic and Cardio- 
vascular Surgery 69: 589-598, 1976; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

d. Replacement of Portal Vein During Pancrea- 
tectomy for Carcinoma B. Eiseman, M. D., Surgery 
77: 280-284, 1975; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
e. Use of GORE-TEX Grafts for Replacement of 
the Superior and Inferior Venae Cavae Lawrence 
H. Cohn, M. D., The Journal of Thoracic and 
Cardiovascular Surgery 67: 774-779, 1976; copy- 
righted by The C. V. Mosby Company, St. Louis, 
f. ANew Venous Prosthesis T. Soyer, M. D., 
Surgery 72: 862-872, 1972; copyrighted by The 
C. V. Mosby Company, St. Louis, Missouri. 


6. Cerebral Surgery 

a. Cerebral Revascularization: Proximal External 
Carotid to Distal Middle Cerebral Artery Bypass 
with A Synthetic Tube Graft Jim L. Story, M. D., 
Neurosurgery 3: 61-65, 1978; copyrighted by The 
Congress of Neurological Surgeons, Winston- 
Salem, North Carolina. 


7. Experimental Work 

a. Alloplastic Replacement of the Canine Ureter 
by Expanded Polytetrafluoroethylene (Gore-Tex®) 
Grafts K. Dreikorn, European Urology 4: 379-381, 
1978; copyrighted by S. Karger A.G., Basel, 
Switzerland. 

b. Small Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) Lawrence H. -— A 
Cohn, M. D., Archives of Surgery 111: 267-270, DII po e wa $ 
1976; copyrighted by The American Medical EE i Mae PM | E 
Association, Chicago, Illinois. EEIN Mity V 

c. A Small Arterial Substitute: Expanded Micro- le 
porous Polytetrafluoroethylene: Patency Versus MEM iSt 
Porosity C. D. Campbell, M. D., Annals of Surgery SEC 
182: 138-143, 1975; copyrighted by The J. B. 
Lippincott Company, Philadelphia, Pennsylvania. 
d. A New Vascular Prosthesis for a Small Caliber 
Artery Hiroshi Matsumoto, M. D., Surgery 74: 
519-523, 1973; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 


8. Miscellaneous Studies 

a. Surgical Experience with Expanded Polytetra- 
fluoroethylene (PTFE) as a Replacement Graft for 
Traumatized Vessels Kenneth L. Mattox, M. D., 
The Journal of Trauma 19: 403-408, 1979; copy- 
righted by The Williams & Wilkins Company, 
Baltimore, Maryland. 

b. Prevention of Platelet Aggregation and Adher- 
ence to Prosthetic Vascular Grafts by Aspirin and 
Dipyridamole James A. DeWeese, M. D., Surgery 
84: 37-44, 1978; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 
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Surgical 

Oncology 
Fellowships 
at NIH 


The Surgery Branch of the 
National Cancer Institute, 
National Institutes of Health, 
Public Health Service, is 
offering a limited number of 
two-year Fellowship (Clinical 
Associate) positions to 
outstanding candidates who 
have completed at least two 
years of residency training in 
surgery. 


The surgical oncology training 
program consists of six to 
eight months of primary 
clinical responsibility for 
surgical patients on the wards 
of the Clinical Center of the 
National Institutes of Health. 
The remaining time is spent in 
full-time laboratory research. A 


provided for selected surgical 
Fellows. Emphasis is placed 
on a broad multi-disciplinary 
view of cancer management 
and in an intensive laboratory 
research experience. 


Trainees who qualify for the 
Commissioned Corps, U.S. 
Public Health Service, have a 
starting salary of $22,332 with 
a variety of additional benefits 
plus a substantial bonus in the 
third year. Moving and travel 
expenses are paid and health 
care is free for Commissioned 
Corps. Comparable civilian 
fellowships are also available. 
Positions begin on July 1, 
1982 and 1983. For further 


An NIH Associate 


third year of continued 
Program 


research experience is 


information and for application 
procedures, contact: 


Dr. Steven A. Rosenberg, Chief, Surgery Branch 
National Cancer Institute 

National Institutes of Health 

Public Health Service 

Bldg. 10, Room 10N116, Bethesda, MD 20205 
Telephone: (301) 496-4164 


An Equal Opportunity 
Employer 









THE DEPARTMENT OF 
SURGERY 


and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
THE USE OF THE CO, LASER IN SURGERY 


THE CLEVELAND 
CLINIC FOUNDATION 


announces 



































ERCP: Diagnostic and Therapeutic Aspects 
An International Symposium 
March 19-21, 1981 
Stouffer's Inn On The Square 
Cleveland, Ohio 
Symposium Director: Michael V. Sivak, Jr., M.D. 
Head, Section of Gastroin- 
testinal Endoscopy 
Department of Gastroenter- 
ology 













Under the Direction of 
EUGENE W. FRIEDMAN, M.D. 
AND GUEST FACULTY 


December 12, 1980 — Friday 
9:00 AM to 5:00 PM — 1 Session 


This course will be an intensive one day program consisting 
of lectures by eminent workers in the field. Basic physics and 
the workings of the various lasers will be discussed as wellas 
the application of the laser in general surgery and its various 
subspecialties. 

A working session with the CO, laser will be available 
where the course particpants will actively use the machine. 

An attempt will be made to have demonstration models of 
the various machines in use. 


FEE: $125. (including lunch) 


This course will be given at the Mount Sinai Medical Center, 
New York City, New York 








Michel Cremer (Belgium), Joseph 
Greenen (Wisconsin), James 
Gregg (Massachusetts), Keiichi 
Kawai (Japan), W. Rosch (Ger- 
many), Laszlo Safrany (Germany), 
Jack Vennes (Minnesota), and 
David Zimmon (New York) 


Guest Faculty: 


















Contact: International Symposium Office 
The Cleveland Clinic Educational 
Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 
(216) 444-5678 







APPLY TO: Director, The Page and William Black Post- 
Graduate School of Medicine, Mount Sinai School of Medi- 
cine, One Gustave L. Levy Place, New York, New York 10029. 
Tel.: (212) 650-6737. 
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in surgery 


E proven analgesic efficacy—as a pre- and 
postoperative agent...for patients in labor... 
as the analgesic component of balanced 
anesthesia 


B fast acting—onset of action within 10 minutes 
IM, very rapidly IV; peak analgesic activity 
ween JEDO: minutes IM, more rapidly w 


2 mg of Stadol produces a degree of respira- 
tory depression similar to that of 10 mg of 
morphine or 70 mg of meperidine—unlike 
these agents, doubling the Stadol dose to 4 mg 
does not appreciably increase the magnitude 
of respiratory depression 


favorable side effect profile—low physical 
dependence liability, little nausea or vomiting, 
infrequent constipation 


few CNS effects other than sedation—the 
reported incidence of euphoria and hallucina- 
tions is less than 1% 


B nonscheduled —not subject to regulations 
under the Federal Controlled Substances Act 
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proven performance in the relief 
of moderate to severe pain 


TY Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York.13701 


Please see brief summary of prescribing information on the following page 


Ci j " 
Co i‘ right | HAS, TELA EAT | aborator Gs 





40A 


Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 

(2) 12/10/79 
INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stadol should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS—Patisnts Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: "tpe care should be exercised in administering Stadol to 
emotionally unstable patients and to those with a ey of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to — abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stadol must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS—Certain Respiratory Conditions: Because Stadol causes some respiratory 


depression, it should be administered only with caution and low dosage to patients à = 
with respiratory depression (e.g., from other medication, uremia, or severe infec- and laboratory diagnosis, as well as surgical and 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory conservative management 
conditions, or cyanosis. i 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that The relevant basic sciences are integrated with 
Stadol causes or increases renal or hepatic Ap dii the drug should be di ; : 
administered with caution to patients with such impairment. Extensive liver disease current diagnostic and therapeutic techniques. 
rosa the enh of decresepd mtt adag take. m BAGH Ur Shi Gore nbUtons 16 d TOAGIAQ Kuh onity 
, u i ug by ; ias RCM 
mun Surgery: Clinical uper have - been done to — the safety of Stadol writing on his own area of special interest. 
administration to patients about to undergo surgery of the biliary tract. Amona th ni f r f thi ' 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood ong : " " que eatures of this text you'll 
pressure may occur, therefore caution should be employed when Stadol is used in find an illuminating commentary on each 
ds thi epee peer See ha tale em chapter by Dr. Friesen... step-by-step diagnos- 
sage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
Usage via cera ds ep : Stadol for use in " unes A dg to the labor period and biological actions of 20 important endocrine 
has not been established; therefore, this drug shou used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare syndromes mnemonic names for the 
of the patient. syndromes . . . diagrammatic illustrations de- 
Reproduction studies have been performed in rats, mice and rabbits and have icting the pathophysiology of each syndrome 
revealed no evidence of imonirad fertility or harm to the fetus due to Stadol at about p 3 P a : a i y 
2.5t0 5 times the human dose. as a composite of clinical findings. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of TR 
Stadol during labor has been established. Patients receiving Stadol during labor The volume presents a wealth of extraordin 
have experienced no adverse effects other than those observed with commonly used arily current developments, featuring informa- 
o aaa Stadol should be used with caution in women delivering premature tion on such innovative concepts and practices 
infants. l i i 
Uum in Nursing Mothers: The use of et ag a a le are bien, their as the APUD series of endocrine cells—their 
infants is not recommended since it is not known whether this drug is excreted in origin, identification, and clinical licati 
human milk. Stadol has been used safely for labor pain in mothers who sub- g ^ dis VUCSBINSSIUIN > 


sequently nursed their infants. 

Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 

ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treatec 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, lA e. 3%), floating feeling a 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1%) are 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 

Autonomic: flushing and warmth, dry mouth, sensitivity to cold 

Cardiovascular: palpitation, increase or decrease of blood pressure 

Gastrointestinal: vomiting 

Respiratory: slowing of respiration, shallow breathing 

Dermatological: rash or hives 

Eye: diplopia or blurred vision 

OVERDOSAGE— Manifestations: Although there have been no experiences of over- 
dosage with Stadol — clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 

Treatment The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen, intra- 
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Beneficial Effects of Aggressive Protein Feeding in 


Severely Burned Children 


J. WESLEY ALEXANDER, M.D., Sc.D., BRUCE G. MACMILLAN, M.D., J. DWIGHT STINNETT, PH.D., CORAK. OGLE, PH.D., 
RICHARD C. BOZIAN, M.D., JOSEF E. FISCHER, M.D., JANE B. OAKES, R.D., MICHAEL J. MORRIS, B.S., 


To determine any potential benefit of feeding increased amounts 
of protein to hypermetabolic burned patients, 18 children with 
burns averaging 60% total surface area were randomized into 
two matched groups and studied serially for at least six weeks: 
the first group was given a normal diet with a balanced nu- 
tritional supplement, and the second group was supplemented 
with milk whey protein. The normal protein group received 
87.1% of their desired caloric intake with 16.5% of calories 
from protein compared to 77.7% of desired caloric intake with 
23.0% of calories from protein for the high protein group. 
Despite a higher caloric intake, the normal protein group had 
a worse opsonic index compared to the high protein group 
(0.42 + 0.04 vs. 0.62 + 0.05, p < 0.0007), lower levels of C3 
(1371 + 55 vs. 1585 + 64 pg/ml, p < 0.01), lower levels of 
IgG (805 + 52 vs. 975 + 56 pg/ml, p < 0.03), lower levels of 
transferrin (200 + 10 vs. 283 + 18 mg/dl, p — 0.0001), lower 
levels of total serum protein (5.5 + 0.1 vs. 6.3 + 0.2 g/dl, 
p < 0.005), more bacteremic days (11% vs. 8%, p < 0.005) 
and worse survival (5/9 — 56% vs. 9/9 — 100%, p < 0.03). Pa- 
tients receiving the high protein diet had significantly higher 
plasma levels of valine, lysine, threonine, leucine, arginine, 
isoleucine, proline, serine, asparagine, tryptophane, and 
tyrosine. Asparagine levels were significantly (p — 0.01) as- 
sociated with better neutrophil function and opsonic index. 
Except for phenylalanine, significant associations were found 
for serum levels of each of the amino acids with concentrations 


~ of one or more serum proteins. These studies provide evidence 


that many immunologic functions are dependent upon optimal 
availability of specific amino acids, and that routine diets do 
not provide sufficient protein to satisfy the needs of seriously 
burned children. 


UMEROUS ADVANCES IN THE MANAGEMENT of 
N acute thermal injury have resulted in a substantial 
increase in survival during the past two decades. Never- 
theless, infection remains the most common cause of death 
in hospitalized burn patients.' The increased incidence 
of infection following severe thermal injury has been 
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associated with a variety of documented immunologic 
abnormalities. Prominent among these are a decreased 
ability of blood neutrophils to kill bacteria and, to a 
lesser extent, diminished ability of the patient's serum 
to opsonize bacteria.” In addition, many complement 
components and immunoglobulins are reduced soon 
after burn injury, and a variety of T-cell functions are 
abnormal. The immunologic defects following burn in- 
jury are surprisingly similar, although not identical, to 
those associated with protein malnutrition in experi- 
mental animals and protein-calorie malnutrition in 
humans (Table 1).*” 

Wholesale attempts to provide adequate nutritional 
support for the seriously burned patient to meet in- 
creased metabolic demands (usually estimated to be 
50— 10042 greater than resting requirements in patients 
with greater than 5096 burns) have resulted in an ap- 
parent improvement in survival which has not been 
confirmed by controlled clinical trials because of ethical 
considerations. Experience at many centers, including 
our own, has shown that such nutritional support may 
prevent weight loss following severe burn injury. How- 
ever, persistently low levels of serum albumin, trans- 
ferrin, and total serum protein in such patients have 
suggested that a protein deficiency may continue to 
exist which is out of proportion to energy requirements. 
Such could be caused by increased requirements as- 
sociated with the hypermetabolic state, losses from the 
wounds, or disordered protein metabolism.*'* 

The present study was designed to test the hypothe- 
sis that continuing protein malnutrition can exist in 
severely burned children that receive sufficient energy 
intake to meet their requirements, and that the protein 
deficiency can be corrected by dietary supplementa- 
tion with a protein of high biologic value (i.e., one 
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TABLE 1. Comparison of Selected Immunologic Functions 


Protein Severe Burn 
Malnutrition Injury 
Neutrophil function 
phagocytosis usually usually normal 
normal or increased 
killing of ingested bacteria decreased decreased 
chemotaxis usually usually 
decreased decreased 
T lymphocytes 
numbers in circulation decreased decreased 
thymus atrophy atrophy 
response to T dependent 
antigens decreased decreased 
response to phytomitogens 
in vitro decreased decreased 
mixed lymphocyte responses 
in vitro decreased decreased 
B lymphocyte function 
response to specific antigens variable variable 
Complement activity 
classical pathway usually 
decreased variable 
alternative pathway usually 
decreased variable 
Inflammatory response 
nonspecific decreased decreased 
to specific antigens decreased decreased 


which contains a greater proportion of essential 
amino acids). 


Materials and Methods 


Twenty-two children treated at the Shriners Burns 
Institute, Cincinnati Unit between the dates of January 
13, 1978 and October 3, 1979, were admitted to this 
study after obtaining informed consent from their parent 
or legal guardian. At the time of admission, the patients 
were randomized into two groups designated hereafter 
as "control" and ‘“‘high protein” by the draw of a card 
in a sealed envelope. Patients with burn sizes ranging 
between 41 and 64% were randomized independently 
of patients with burn sizes =65% to insure equal final 
distribution within the two groups. The two groups are 
compared in Table 2 for variables which might influence 
outcome. 

The estimated caloric requirement for each child was 
calculated after careful measurement of height and 
weight, determination of the body surface area in square 
meters, and determination of the anticipated 95th per- 
centile for resting metabolic expenditure (95th RME) 
for a normal child of that age, sex, and size.* The num- 
ber of calories anticipated to be necessary to meet 
the increased metabolic requirements associated with 
that size burn injury (hereafter called ‘‘targeted 
calories") was calculated using the following formula: 
Targeted calories = 95th RME + 95th RME (46 Total 
BSA burn/100). Use of this formula had been shown 
previously in our unit to be sufficient to prevent sig- 
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nificant weight loss after large burns. Only patients . 


able to take at least 50% of targeted calories during 
the first week after admission were included in this 
analysis because deficiencies caused by early caloric 
deprivation could overshadow any influence of differ- 
ences in protein intake. Accordingly, two patients 
initially assigned to each group were excluded. All had 
severe respiratory burns and three subsequently died, 
two initially designated as controls. Studies on the re- 
maining 18 patients form the basis of this report. 
Control patients were encouraged to voluntarily take 
as much of a normal balanced diet as they could. The 
diet was supplemented with a commercially available, 
nutritionally complete liquid formula (Ensure® or Os- 
molite®, Ross Laboratories, Columbus, OH). Osmo- 
lite was used when patients were intolerant of Ensure.® 
Patients not able to ingest enough calories voluntarily 
were tube fed, primarily using the commercial formulae. 
When the gastrointestinal tract was intolerant of the 
needed load of calories, the diet was supplemented 
by intravenous hyperalimentation and/or the use of in- 
travenous fat emulsions (Intralipid®, Cutter Labora- 
tories, Chicago, IL). This dietary regimen provided 
approximately 15% of calories in the form of proteins 
or amino acids, a normal distribution for the average 
American diet. Patients assigned to the high protein 
group were also encouraged to take as much of a normal 
hospital diet as they could to meet the targeted calories. 
However, their oral diet was supplemented with ultra- 
filtered whey protein* (Pro-Mix®, Nubro, Costa Mesa, 
CA) to the extent that approximately 25% of the oral 
caloric intake was from protein (including the normal 
diet). Intravenous hyperalimentation and Intralipid 
were administered as needed to meet caloric require- 
ments according to the clinical judgment of the attend- 
ing physician, similar to the control group. Each patient 
in both groups was given daily supplementary vitamin 
C (250 mg/day) and multivitamins. Complete dietary 


TABLE 2. Comparison of Patient Groups 


High 
Control Protein p 

Number of patients 9 9 NS 
Average burn size (46 total) 60 + 6 60 + 4 NS 
Range of burn sizes (46 total) 49—95 44—88 NS 
Average 3? burn (%) 41 —- 9 cy 7 NS 
Range 3? burn (%) 3-95 0-75 NS 
Postburn day of admission Sli T2 NS 
Number with smoke inhalation l l NS 
Number admitted on respirator 0 l NS 
Age 852 I0 — 2 NS 
Average preburn weight (kg) 346 £82 33.32 5.2 NS 
Number able to take oral diet 

on admission 9 9 NS 

* Soon to be available in an instant form (ProMod, Ross 


Laboratories, Columbus OH). 
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records were kept on a daily basis by one of the au- 


` thors, a registered dietician. 


* The clinical management of these patients was super- 
vised by one of the authors to provide uniform dis- 


- tribution of care. The administration of blood trans- 


fusion, plasma, plasma protein derivatives, albumin, 
and routine wound care, including grafting, excision 
and topical treatment of the burn wound were all as 
indicated by the clinical judgment of the attending 
physician. 

Daily determinations were made of intake and out- 
put, temperature, nitrogen balance, and clinical course. 
Blood, urine and wound cultures were obtained on 
clinical indication. Urine sodium, urine potassium, 
complete blood counts, blood glucose, total serum pro- 
tein, albumin, transferrin, C3, IgG, factor B, opsonic 
index and neutrophil bactericidal index were deter- 
mined twice weekly throughout the period of observa- 
tion (eight weeks or until the wounds were 95% grafted). 
Profiles of free serum amino acids were obtained once 
weekly. Routine procedures were used to measure all 
of the above determinations in the clinical laboratory 
except the following: C3, IgG, factor B, and trans- 
ferrin which were performed by modification of the 
radial immunodiffusion technique of Mancini;? the 
opsonic index which was performed by a modification 
of the technique of Hirsch and Strauss;"? the neutrophil 
bactericidal index, as described by Alexander, Wind- 
horst and Good,'! and amino acid profiles which were 
performed using a Beckman 121-MB amino acid an- 
alyzer using processed samples deproteinized with an 
equal volume of 7.5% sulfosalicylic acid. Twenty pa- 
tients admitted for reconstructive procedures were 
used for determination of normal serum amino acid 
concentrations in children. 

Statistical analyses were done using the computer 
program packages from Statistical Analysis System, 
Raleigh, North Carolina." Means, standard errors of 
the mean and Student's t-test were used for most com- 
parisons of the two groups, but chi square tests and 
Pearson's correlation coefficient were used in selected 
instances. 


Results 


The study was initially designed to include observa- 
tions for eight weeks, but most of the patient studies 
were completed by the end of six weeks because of 
death or coverage of wounds. Thus, the reported com- 
parisons to follow are for the initial 44 days only. 


Calorie and Protein Intake 


Comparisons of the caloric and protein intake from 
all sources except blood and packed cells are shown 


PROTEIN FEEDING IN BURNED CHILDREN 


507 


TABLE 3. Comparisons of Caloric and Protein Intake (All Sources 
Included Except Whole Blood and Packed Cells) 


Control High Protein p 
Kcal/M*/d (targeted) 2884 + 311 2940 + 206 NS 
Kcal/M*/d (actual) 2513 + 54 2283 + 51 <0.002 
Actual/targeted Kcal 87.1% 11.1% <0.002 
Protein g/M*/d (targeted) 108 + 12 184 + 13 <0.0005 
Protein g/M?/d (actual) 105 + 3 134+4 <0.001 
Actual/targeted protein 97.2% 72.8% <0.001 
Protein—calorie/total calorie 
ratio (actual) 16.5 + 0.3% 23.0 + 0.5% <0.0001 
GN/kg/d (actual) 0.61 + 0.02 0.79 + 0.03 <0.0001 
Calorie/N ratio 1S1 +8 110 + 5 <0.001 
Calorie/N ratio (oral diet only) 158 + 17 103 + 8 <0.01 
Percentage of calories from: 
Normal diet 2831 S 1.2 37.2 & 1.6 «0.0001 
Oral supplements 32.52 1.6 37.2 + 1.4 —0.02 
Regular IV fluids 11.0 + 0.8 11.0 + 0.9 NS 
IV hyperalimentation 14.1 * 1.2 5.9 + 0.8 «0.0001 
IV fat emulsion 11.9 + 0.8 5.6 € 0.7 «0.0001 
Blood products (except WB & PC) 4.4 * 0.9 3.1 + 0.3 <0.002 
Percentage of protein from: 
Normal diet 23.7 & 14 20.9 + 1.3 NS 
Oral supplements 31.4 + 1.6 57.4 & 17 <0.0001 
Hyperalimentation fluids 19.8 + 1.5 8.8 + 1.2 <0.001 
Blood products (except WB & PC) 215.2 1.4 13.3 4 L3 — 0.0001 


in Table 3. Since albumin is rapidly metabolized in 
patients with severe burns, it was felt necessary to 
include blood products (except whole blood and packed 
cells) as being nutritionally supportive. Whole blood 
and packed cells were not considered to be nutritionally 
supportive because these were usually given to replace 
blood loss at the time of debridement or excisional 
therapy. The data show that the control group received 
approximately 8746 of their targeted calories whereas 
the high protein group received only 7846 of targeted 
calories (p — 0.002). The percentage of targeted pro- 
tein actually given was 97.2% and 72.8% for the control 
and high protein groups respectively. This resulted in 
an actual protein- calorie/total calorie ratio of 16.5 for 
the control group and 23.0 for the high protein group. 
Only 26% of the calories was derived from a normal 
diet in the control group compared to 3746 in the high 
protein group. However, the intake of calories from 
oral supplements was only slightly different. Intra- 
venous hyperalimentation and fat emulsions accounted 
for 2696 of the caloric intake in the control group com- 
pared to only 1296 in the high protein group. While 
blood products exclusive of whole blood and packed 
cells accounted for only 4.496 and 3.146 of the calories 
in the control and high protein groups respectively, 
they accounted for 25.2% and 13.3% of the protein 
intake. 

During the first week, there was an insignificant dif- 
ference in the percentage of calories taken by the oral 
route, 60% for the control vs. 68% for the high protein 
group (Fig. 1). However, during the second through 
fourth weeks, the control group took only 5146 of 
calories by the enteral route compared to the high pro- 


a 


508 
100 


«0.0001 «0.0001 «0.007 


% of TOTAL CALORIES TAKEN ORALLY 





] 2 3 4 
POST BURN WEEK 


Fic. 1. Comparison of oral intakes by weeks. 6: high protein. O: 
control. 


tein group which ingested approximately 75% of 
calories by the enteral route (p < 0.0001). 


Nonimmunologic Tests and Clinical Observations 


Selected nonimmunologic laboratory tests and clini- 
cal observations are shown in Table 4. The white blood 
count, hematocrit, and blood glucose were not different 


TABLE 4. Selected Nonimmunologic Laboratory Tests 
and Clinical Observations 








Control High Protein p 

Per cent weight change 

from preburn (av) —2.24 + 1.70 4.01 + 164 <0.009 
Av. highest daily 

temperature (°F) 102.3 + 0.1 101.8 + 0.1 <0.0001 
WBC (10*/mm?) 133263 12.6 = 0.3 NS 
Hematocrit 35,9 x. 0.3 35.9 + 0.3 NS 
Volume red cells trans- 

fused (mI/M?/d) 92 + 10 2&2 <0.0009 
Blood glucose 116 + 2 115 x2 NS 
Nitrogen balance g/dl 

(see text) 7.2 = 07 9.0 + 0.7 «0.08 
Urine volume ml/d 1289 + 41 1640 + 40 <0.001 
Urine osmolality 652 + 13 644 + 13 NS 
Urine Na mEq/l 80.7 + 3.0 66.0 + 2.2 <0.0001 
Urine K mEq/l 58.4 + 2.1 65.9+ 1.6 «0.005 
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TABLE 5. Selected Serum Proteins and Immunologic Functions 








High 
Control Protein p 
Total serum protein (g/dl) $3 £01 6.3 € 0.2 — 0.0002 
Albumin (g/dl) 2.93 + 0.08 2.95 + 0.08 NS 
Transferrin (mg/dl) 200 + 10 283 + 18 <0.0001 
C3 (ug/ml) 1374 + 55 1585 + 64 <0.01 
IgG (mg/dl) 805 + 52 975 + 56 <0.03 
Factor B (ug/ml) 480 + 38 459 & 33 NS 
Opsonic index 0.42 + 0.04 0.62 + 0.05 <0.0007 
Neutrophil bactericidal 
index 4.0 + 0.6 3.6 + 0.4 NS 





between the two groups. However, the control group 
required about twice the volume of red cell transfusions 
to maintain a hematocrit equivalent to the high protein 
group. The average highest daily temperature was 
higher in the control group after PBD 28, but it was 
comparable to the high protein group during the first 
four weeks. Despite the fact that patients in the high 
protein group took an average of 9.4% less of their 
targeted calories than did patients in the control group, 
patients in the high protein group gained weight whereas 
patients in the control group lost weight. Nitrogen bal- 
ance studies indicated greater retention of the adminis- 
tered nitrogen in the patients receiving the high pro- 
tein diet. Nitrogen balance was calculated as intake 
less urinary loss, a standard estimate for stool loss (2 g) 
and a standard estimate for cutaneous losses (2 g). This 
method does not accurately take into account losses 
from the burn wound which Reiss et al have shown 
to be quite variable and difficult to estimate.'? How- 
ever, since the two groups had equivalent sizes of 
burns, the losses were assumed to be comparable. 

Urinary sodium was lower and urinary potassium 
higher in the high protein group in comparison to the 
controls, suggesting better tubular function in the high 
protein group. However, the urinary potassium was 
significantly higher in the high protein group only dur- 
ing the first three weeks, and urinary sodium was sig- 
nificantly lower only during the last three weeks. The 
greater urine volume in the patients receiving the high 
protein diet could not be explained by an increased 
urine osmolarity. 


Selected Serum Proteins and Immunologic Functions 


Average values of total serum protein, albumin, 
transferrin, C3, IgG, factor B, opsonic index, and neu- 
trophil bactericidal index for control and high protein 
groups are shown in Table 5. All values are higher 
for the high protein group with the exception of the 
neutrophil bactericidal index where better function is 
associated with lower values. Only the neutrophil bac- 
tericidal index, factor B, and albumin levels were not 
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Fic. 2. Serum IgG con- 
centrations in high pro- 
tein and control groups. 
The values are similar to 
those reported before for 
this size of burn. 6: high 
protein. O: control. 


IgG (mg/dl) 


different to a statistically significant degree. The time- 
course patterns for IgG, C3, total serum protein, trans- 
ferrin, factor B, opsonic index, and NBI are shown in 
Figures 2-8, respectively. Stable proteins with rela- 
tively slow rates of synthesis (and turnover), such as 
IgG, had similar concentrations for both groups ini- 
tially, but they began to diverge between 13-16 days. 
Total serum protein showed a similar pattern. On the 
other hand, transferrin a rapidly synthesized and re- 
leased acute phase protein was markedly different for 
the two groups during the initial few days and remained 
so until days 33-36. Factor B, another rapidly syn- 


Fic. 3. Serum C3(B) vs. 
postburn day. 6: high pro- 
tein. O: control. 
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thesized acute phase protein, showed marked differ- 
ences in concentrations during the initial days of ob- 
servation with fairly rapid convergence to approxi- 
mately the same levels for control and high protein 
groups by days 9-12. In contrast, the opsonic index 
was initially identical for the two groups with marked 
differences occurring by 9-12 days. The neutrophil 
bactericidal index was better in the high protein group 
during a period when the worst bactericidal antibac- 
terial function was to be expected, i.e. during the sec- 
ond and third week, but the differences were not sta- 
tistically significant. 
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Influence on Clinical Outcome Amino Acid Profiles 
The influence on clinical outcome is shown in Table Serum levels of amino acids in control and high pro- 
6. Survival was better to a statistically significant tein groups are shown in Table 7 along with normal 
degree in patients receiving the high protein diet. All serum concentrations for both adults and children. Only 
four of the deaths in the controls were a result of in- phenylalanine, methionine, glutamine, and aspartic 
fection. Infections were more prominent in the control acid were consistently higher than normal in both the 
group as evidenced by both the bacteremic days/total ^ control and high protein groups. Conversely, histidine 
days at risk and the number of days in which systemic and cysteine were consistently lower than normal in 
antibiotics were administered/days at risk. both groups. When higher than normal levels were en- 
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Fic. 6. Factor B vs. post- 
burn day. @: high protein. 
O: control. 
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countered for other amino acids, it was always in the 
high protein group, whereas when lower than normal 
levels were encountered, they were lowest in the con- 
trol group. The total circulating amino acid level was 
quite low for control patients but almost normal for 
high protein patients when compared to nonfasting 
pediatric controls. 

Serum concentration of individual amino acids and 
the relationship to the concentration of selected serum 
proteins and immune functions are shown in Table 8. 


Fic. 7. Opsonic index vs. post- 
burn day. @: high protein. O: 
control. 
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The data was subjected to Pearson's correlation co- 
efficient analysis, and the results are presented as the 
probability of being a significant relationship for con- 
trol patients, high protein patients, and all patients. 
The relationship of individual amino acid concentra- 
tions in patients to normal serum concentrations had 
little relationship to whether or not significant corre- 
lations were obtained for given proteins or functions. 
As an example, serum levels of histidine were lower 
than normal and serum levels of methionine were higher 
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than normal in both control and high protein patients, 
but there was a negative correlation for each of these 
amino acids with the serum concentration of factor B. 
Some amino acids such as arginine and alanine had 
positive correlations with concentrations of many se- 
rum proteins and opsonic function whereas others, 
such as phenylalanine had absolutely no relationship 
to the concentration of serum proteins. Asparagine had 
a negative correlation with NBI, i.e. higher levels of 
asparagine were associated with better neutrophil 
function. 

While many of these associations were statistically 
significant, the correlation coefficients were relatively 
low for most. The highest correlation coefficient ob- 
served was for glutamine and IgG (R = 0.829). 


Discussion 


The present study provides strong evidence that 
dietary supplementation with larger amounts of a high 


TABLE 6. Influence on Clinical Outcome 








Control High Protein p 
Survival* 5/9 (5696) 9/9 (100%) <0.03 
Av. size burn of 
survivors (10) 47 + 3 60 + 4 <0.10 
Average hospital stay 
of survivors (days) Yo +13 49 = NS 


Bacteremic days/total 


days at risk 27/254 (11%) 23/281 (8%) <0.005 
Days on systemic anti- 
biotics/days at risk 212/254 (83%) 201/281 (72%)  <0.005 





* All deaths were caused by septicemia and/or burn wound sepsis. 
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FiG. 8. Neutrophil bactericidal in- 
dex (NBI) vs. postburn day. The 
ability of neutrophils to kill bac- 
teria becomes worse with increas- 
ing values for NBI. @: high pro- 
tein. O: control. 
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quality protein than have usually been given is of bene- 
fit to seriously burned children. This-was manifested 
by improved survival, largely because of easier con- 
trol of infection, and was associated with a better 
opsonic index, and higher levels of total serum protein, 
transferrin, C3, and IgG. 

The major concern in such a study as this is that 
there be comparability of the groups being studied. 
Prospective randomization of the patients resulted in a 
slightly higher percentage of third degree burn in the 
control group which was statistically insignificant. The 
average total burn size was identical. Other variables 
which might influence outcome such as age, postburn 
day of admission, the number admitted on a respirator, 
and those able to take an oral diet on admission were 
similar. Probably even more important evidence of 
comparability in the initial status of protein nutrition 
comes from the measurements of neutrophil function, 
opsonic index, IgG, C3, albumin and total serum pro- 
tein which were identical during the early portion of 
the study. The two groups of patients also had similar 
oral intakes during the first week, but there was fairly 
rapid divergence subsequently with the control patients 
requiring greater amounts of intravenous hyperalimen- 
tation and intravenous fats to maintain their caloric 
requirement. There was also divergence after the first 
week or two with regard to serum proteins and im- 
munologic functions. These findings could all be ex- 
plained by a better state of protein nutrition in the 
high protein group since most types of protein synthe- 
sis are limited by amino acid substrate availability. 
Abel et al. have shown more rapid return of normal 
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TABLE 7. Serum Levels of Amino Acids in Control and High Protein Groups (nmol/ml)* 








p (Control vs 

Amino Acid Normal Adults Normal Children Control High Protein High Protein) 
VAL 212 £ 6 278 + 18 202 + 12 271 + 26 <0.02 
LYS 185 + 6 188 + 12 135 + 7 189 + 16 <0.003 
THR 124 + 6 146 + 11 85 +7 118 + 10 <0.008 
LEU 116+ 5 151 + 10 IS = 7 168 + 19 <0.01 
ARG 83 +4 lil +9 48 + 6 84 +7 — 0.0006 
HIS 68 + 3 87 + 3 44 + 3 50 +4 NS 
ILE 59 +4 TS. 6 sf 4 85 + 12 <0.04 
TRP 33. 3 50 + 3 28 + 3 42+4 <0.003 
PHE 46 + 3 69 + 4 95 + 6 98 + 8 NS 
MET 24+2 30 + 3 59 + 12 S0 + 11 NS 
ALA 309 + 7 514 + 24 255 + 18 297 + 24 NS 
PRO 209 + 8 293 + 25 236 + 18 339 + 36 <0.02 
GLY 208 + 7 293 + 21 252 = 18 289 + 31 NS 
SER 98 + 4 132 4 11 9I 6 124 + 12 <0.02 
CYS 89 + 3 43 +2 19 + 3 ay 3 NS 
ASN 63 +4 ps] 48 + 6 67 4:5 <0.02 
TYR 55 x 3 I a 55 t: 4 74 - S — 0.008 
GLU I8 +4 39 + 6 100 + 20 121 + 20 NS 
ASP 4+2 8 +2 20 x 3 21:452 NS 
Total amino 

acids 2023 + 80 2753 + 116 1943 + 103 2499 + 195 <0.02 


a —— M ———————— 


* Concentration of serum amino acids in normal adults are for 
fasting subjects. Values for patients and normal children are non- 


kidney function in patients with tubular necrosis who 
were fed hypertonic glucose and essential amino acids 
compared to those receiving isocaloric hypertonic glu- 
cose alone (standard therapy) at the time the study 
was done.'^ They also found that there was comparabil- 
ity between the two groups they studied during the 
first week but divergence thereafter, consistent with 
our findings. Gastrointestinal function may also have 
been limited in the control group by protein malnu- 
trition since it is well known that the gut epithelium 
has a rapid turnover, and malnourished humans do not 
absorb well for their first few days or even weeks during 
nutritional repletion. Thus, it seems clear that the con- 
trol group began at a status comparable to the high pro- 
tein group but rapidly became worse in comparison 
because of insufficient amino acid substrates to meet 
their nutritional needs. 

The patterns for serum protein levels were markedly 
different in the control and high protein groups. IgG, 
which has a relatively low synthetic rate and long half 
life, was similar between the two groups for the first 
two weeks of the study, but for the next three weeks, 
there were higher levels in the high protein group. C3, 
which has a much shorter half life, was also identical 
for the first ten days, but then became higher in the 
high protein group. Transferrin was higher in the high 
protein group during the first four days and remained 
higher whereas factor B was initially much higher in 
the high protein groups, but the levels became similar 
during the second week. These findings could be ex- 


fasting since most patients were receiving nutritional support. 


plained by differences in the known rates of synthesis 
and in pool size, and rates of release of the various 
proteins and the priorities by which they are synthe- 
sized and released into the circulation. Factor B ap- 
parently has a very high priority following severe 
thermal injury, regularly achieving two to three times 
normal serum concentrations. 

There was usually convergence of the serum con- 
centrations of various proteins to similar levels for con- 
trol and high protein groups after the fourth week. 
This could be explained partly by the fact that almost 
half of the control patients died during the fourth to 
sixth weeks and the surviving patients had somewhat 
smaller burns (47 + 3%), therefore making them not 
exactly comparable to the high protein patients. This 
suggested explanation is borne out by comparing dif- 
ferences in serum concentrations for C3 in control pa- 
tients who survived and those who died (Fig. 9). The 
values for the opsonic index, transferrin, factor B, and 
IgG were also significantly lower in control patients 
who died than in control patients who lived. The con- 
vergence toward similar concentrations of serum pro- 
teins in control and high protein groups could also be 
explained partially by an adaptive process. It has been 
shown both that amino acids given in excess to experi- 
mental animals can result in the induction of degrada- 
tive enzymes or pathways in which administered amino 
acids are shunted away from protein synthesis and that 
amino acids given in insufficient quantities are used at 
a more efficient rate.'^ 
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While this study shows improvement in the high pro- 
tein group, it does not determine whether it was the 
amount of protein or the quality of protein (i.e. more 
essential amino acids) which was responsible for the 
improvement. Other studies would suggest that the 
quality of the protein is of paramount importance. Ex- 
periments in our laboratory! have shown that protein 
deficient guinea pigs were unable to be restored to 
normal (regarding growth, levels of serum C3, and op- 
sonic index) by administering nonessential amino acids 
whereas repletion with essential amino acids were ef- 
fective. The study of Freund et al.!* in patients with 
renal failure also suggests that essential amino acids 
are more important than nonessential amino acids in 
prevention of infection and recovery from renal tubular 
degeneration. Obviously, well controlled experiments 
are needed to answer this important question, but it is 
certainly possible that the quality of protein furnished 
is more important than the quantity. 

It is of interest that factor B had a correlation with 
only a few amino acids, and this was usually a negative 
correlation. Since factor B is nearly always elevated 
after the first few postburn days, one might postulate 
that factor B is synthesized at a high priority compared 
to other serum proteins in seriously burned patients 
and is not limited by substrate availability in the ob- 
served concentrations. Since degradation of excess 
amino acids by the liver enzymatic system does not 
usually occur until synthetic needs are satisfied, it is 
likely that other factors determine priorities of synthe- 
sis of both hepatic protein and nonhepatic proteins 
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such as IgG. In contrast to factor B, a statistically 
significant positive association of serum transferrin 
levels with all of the amino acids except histidine, 
phenylalanine, methionine, glycine, glutamine, aspara- 
gine and aspartic acid indicate that the rate of synthesis 
of transferrin is significantly limited by the availability 
of amino acid substrates. Not surprisingly, transferrin 
levels were consistently lower than normal in the con- 
trol group. Young et al.'® have previously shown that 
the expected drop in transferrin and other visceral pro- 
teins following major surgery may be prevented by 
hyperalimentation with a combination of glucose and 
amino acids. Limitation of protein synthesis by sub- 
strate availability is also suggested in our study by the 
observation that the associations between the individual 
amino acid levels and the specific function or individual 
protein was generally greater in the control group than 
in the high protein group (e.g. the relationship between 
tryptophan and albumin concentration). It is likely that 
requirements for individual amino acids is not uniform 
and that some may be of greater importance for the 
synthesis of specific proteins and maintenance of 
specific immunologic functions. Recently, Petro and 
Bhattacharjee!? have shown that limitations of single 
amino acids in mice can influence serum levels of im- 
munoglobulins, transferrin, and C3 and can result ina 
greater susceptibility to infection with S. typhimurium. 
The potential importance of this area for future research 
is obvious. 

To our knowledge, this is the first controlled study 
to demonstrate what has been suspected and accepted 
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for some time, that nutritional intervention improves 
survival in seriously burned patients. While the serum 
protein patterns and immunologic measurements dem- 
onstrate an improvement in patients receiving the high 
protein diet, there remain residual deficiencies; total 
serum protein, serum albumin, transferrin, opsonic in- 
dex, and neutrophil bactericidal activity remain in the 
abnormal range even for the patients receiving the high 
protein diet. It may well be that fortification of the 
diet with still greater quantities of protein or with 
selected amino acids may further improve these 
variables. 
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DISCUSSION 


DR. GEORGE F. SHELDON (San Francisco, California): Like Dr. 
Curreri's paper, this one would indicate that there is value in using 
therapeutic modalities in the treatment of patients with burns. I 
would like to congratulate the authors on correlatiag protein inter- 
mediates with the difficult issue-of host defense mechanism assays. 
Their study shows that greater intake of higher quality protein was 
associated with superior nitrogen balance and, more important, sur- 
vival. They also showed that patients receiving higher-protein foods 
had higher levels of plasma amino acids. 

In the manuscript, a correlation that seems to stand out is the 
relation between asparagine and neutrophil function. If we assume, 
as Dr. Alexander and others have shown, that neutrophil function 
is probably the most important host defense mechanism then the 
question would be: is this a specific correlation or merely a random 
observation? Do you believe these amino acid correlations are spe- 
cific for the specific functions and tests that you have assayed, such 
as transferrin? 


DR. STANLEY M. LEVENSON (Bronx, New York): It’s hard not to 
be impressed that a therapeutic benefit has been achieved when no 
patients die in one group, while a significant number of patients 
die in another group of reasonably comparable patients. 

I want to make a few points, though. Their study, carefully done 
as it is, points out how hard it is to do controlled clinical trials. 
Specifically, Dr. Alexander made the point during his talk that despite 
their aim, and certainly the ideal, of having the disproportion in 
protein intake be the main variable in the dietary intake and care 
of the two groups of patients, it turned out that this was not the case. 
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For example, the routes (parenteral vs. oral) and foodstuff sources 
by which the patients in the two groups received their nutrient intake 
varied, and these varied in a significant way quantitatively. Now, 
whether this was important qualitatively, it's not possible to say but 
I think it likely to be important. In any case in terms of study design, 
there was a significant quantitative variable in these factors. Thus. 
the group receiving the high protein received much more (almost a 
factor of two) protein from natural foodstuffs. By natural foodstuffs, 
I mean the "regular" food that was offered to patients, as opposed 
to the supplemental foodstuffs, either parenterally, such as albumin, 
or by mouth, the milk-base protein of Ensure or the whey protein, 
the latter ingested by the “high protein" group. 

My mention of this reminds me of L. J. Henderson who, all of 
you will know, is the Henderson of the Henderson-Hasselbalch 
equation. Although he was not concerned on a day-to-day basis with 
the care of the sick and injured, he did talk about it from the nu- 
tritional point of view. His chief recommendation was: If you have 
a sick patient, and you want to feed him well, get a good French 
cook. What he meant was that a good cook in preparing the food 
to be attractive and tasty would take a little bit of this and a little 
bit of that, and that was very important since there were a lot of 
unknowns about what the nutrient requirements of the sick and in- 
jured might be and, in fact, there were likely trace nutrients yet 
undiscovered and therefore a mixture of foodstuffs, as they come, 
so to speak, from the ground, would probably be better than anything 
we designed in the way of a mixture of purified materials. In that 
regard, I would like to ask Dr. Alexander if they have any measure- 
ments, for example, of the various trace minerals ingested by, or 
given parenterally to, the two groups of patients. But even there. 
there are many trace minerals which are almost certainly important 
for patients which we never measure. 
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Now, my own personal prejudice is to go along with the conclu- 
sion of the authors that the amount of protein intake does make 
* a difference, and, in particular, as Dr. Alexander and his colleagues 
stress in their manuscript, the quality of the protein. In the table 
that Dr. Alexander showed listing the correlations between many 
of the immune functions that he looked at and the plasma levels of 
individual amino acids, arginine stood out, not quite like a beacon, but 
almost. Plasma arginine had the most correlations— 14. I was 
especially interested in that because my colleagues Eli Seifter, Giu- 
seppe Rettura, Adrian Barbul and I for the past several years have 
been looking at the question: Can you improve the immunologic 
function of animals (we are just beginning to study humans) by 
supplementing with arginine what is normally considered an ade- 
quate diet for rats and mice, that is, a chow diet which supports 
normal growth, reproduction, and longevity of normal rats and mice? 
And the facts are, you can. Supplemental arginine increases thymic 
weight, the number of thymic lymphocytes, the responsiveness of 
the thymic lymphocytes in vitro to various mitogens, the thymic 
involution following injury or tumor is prevented, and the resistance 
to a number of tumors is increased. 

I'd like to point out that one can do almost the same things with 
vitamin A. Almost everything that supplemental arginine does, sup- 
plemental vitamin A does. Similarly, supplemental choline will do 
many of the same things. This does not mean that the mechanisms 
by which these responses are affected are the same for arginine, 
vitamin A, and choline. 

So, although my own personal prejudice is to agree with the authors 
that the most important variable in their study was the level and 
quantity of protein intake, we have to keep an open mind as to the 
possibility that some other nutritional factor(s) are involved. 


Dr. JOHN R. BorDER (Buffalo, New York): Protein synthesis 
equal to or in excess of the rate of protein catabolism is clearly 
the key to long-term survival in severely stressed humans. This 
effect is particularly important in the liver, intestinal mucosa and 
in the immune systems. Protein synthesis in the liver and intestinal 
mucosa is particularly responsive to the route and magnitude of 
the amino acid load exogenously provided. There are multiple rea- 
sons for believing that protein malnutrition is a cause of the sec- 
ondary organ failures that commonly lead to death in sick persons 
in the form of multiple systems organ failure and that this occurs 
independently of caloric malnutrition. Clearly with modern nutri- 
tional support we can cause many of these patients to die fat and 
can even enhance their hepatic failure by inducing a fatty liver. 

The basis for this protein malnutrition is related to Dr. Moore's 
old studies on negative nitrogen balance with a modern interpreta- 
tion, as will be shown in part in Dr. Cerra's paper, of an obligatory 
catabolism for energy of the essential branched chain amino acids 
probably in muscle with secondary catabolism of all other amino 
acids in the liver so that the plasma amino acids are maintained 
in proper relative concentrations. Granted this pathophysiologic 
change in the systemic body, three events should be present: 1) 
amino acids and calories administered through the gastrointestinal 
tract should support hepatic and intestinal mucosal protein synthesis 
better than those administered intravenously; 2) The patient should 
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require increased exogenous amino acid support relative to the 
calories to provide adequate amino acids to meet the obligatory 
catabolism while providing enough amino acids to support protein 
synthesis at a rate that equals or exceeds protein catabolism. 3) 
Protein synthesis should be supported at a higher rate and the nitro- 
gen losses reduced with smaller exogenous amino acid loads if a 
branched chain rich amino acid mixture is used. 

Dr. Alexander's work clearly shows that in this group of patients 
an increased protein load relative to calories given largely through 
the gastrointestinal tract can reduce the secondary organ failures 
and increase survival time. It is of considerable interest that in his 
manuscript he also shows that these patients have better gastro- 
intestinal function with better oral intake and that they also require 
less exogenous albumin and less red blood. These are the expected 
observations from the postulated mechanism. This paper shows the 
importance of protein malnutrition as a cause of multiple systems 
organ failure. It is entirely consistent with our work. 


Dr. J. WESLEY ALEXANDER (Closing discussion): There were 
some particularly important points in the discussion that need to 
be emphasized. One is the potential relationship of immunologic 
function with individual amino acid concentrations such as aspara- 
gine. While there is no evidence that these are in direct relation, 
there is fairly strong evidence of many indirect relationships. 

For example it would be naive to assume that the administration 
of one amino acid could specifically influence the function of a single 
factor in neutrophils, which might increase their ability to kill bac- 
teria. It may be, in fact, 30 steps removed from that, however, 
there appear to be biologically important correlations. During the 
next few years we will be able to separate these. 

Dr. Levenson pointed out that there were some differences re- 
lated to route of administration. Indeed, the route of administration 
may be important. While we feel that the ability of the gastroin- 
testinal tract to function was related to differences in the amount 
of protein in the two diets, the fact that the controls subsequently 
could not take as much intake by the gastrointestinal tract may 
have had a profound influence on all of the measurements we made. 
That needs to be investigated to a much greater extent than it has 
in the past. 

Also of potential importance in this regard is the amount of lipids 
administered relative to carbohydrate calories. There is some evi- 
dence that increased amounts of lipids in hypermetabolic patients 
may be deleterious, and, certainly, these patients were hypermetabolic. 

We did not measure trace metals in these particular groups of 
patients, but we are now undertaking an experimental study in the 
laboratory using dogs in which we can measure these trace metals. 
We are trying to answer the question as to whether it is the amount 
of protein administered or the quality of the protein that is adminis- 
tered that is important, that is, whether increased essential amino 
acids are more important than the total amino acid load which is 
being given. 

Dr. Levenson and colleagues’ work with the individual amino 
acids, beginning with arginine, is classic. It will lead to a much 
greater understanding of the relation between and interactions of 
these important nutrients. 
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Neurovascular Compression in Cranial Nerve 


and Systemic Disease 
PETER J. JANNETTA, M.D. 


As we age, our arteries elongate and our brains *‘sag.’’ As a 
consequence of these processes, redundant arterial loops and 
bridging or intrinsic hindbrain veins may cause cross-com- 
pression of cranial nerve root entry zones in the cerebellopontine 
angle. This pulsatile compression can be seen te produce hy- 
peractive dysfunction of the cranial nerve. Symptoms of tri- 
geminal or glossopharyngeal neuralgia (somatic sensory), 
hemifacial spasm (somatic motor), tinnitus and vertigo (special 
sensory) and some cases of ‘‘essential’’ hypertension are caused 
by these vessels compressing cranial nerves V, IX-X, VII, 
VIII, and left X and medulla oblongata. Using microsurgical 
techniques, the symptoms may be relieved by vascular de- 
compression, findings and results in 695 patients are briefly 
reviewed and correlated. A chronic primate model of **es- 
sential hypertension is briefly described. 


ESPITE THE WORK of Dandy?"* and of Gardner?-!! 
D regarding vascular and other abnormalities in 
problems of cranial nerves, there was little acceptance 
of this concept until recently. Several rezsons for this 
lack of acceptance may be given. 1) Incomplete veri- 
fication by others: few neurosurgeons ventured safely 
and comfortably into the cerebellopontine angle. 2) 
Relatively primitive technology: lighting and instru- 
mentation were not highly sophisticated. Magnification 
techniques were not used outside the laboratory except 
for ear surgery in some centers. 3) Inadequate 
documentation of findings: magnification photographic 
techniques were not available. 4) Rare definitive 
treatment: Dandy sectioned involved nerves except 
when tumors were present. Gardner alone performed 
vascular decompression in a few patients. 

More recently, with the development of microsurgi- 
cal techniques in neurologic surgery, cf documenta- 
tion of findings by photographic and videotape tech- 
niques, and of operative procedures aimed at treating 
the cause of various symptoms definitively; clarifica- 
tion and elaboration of the cause in a variety of ap- 
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parently diverse but truly similar entities have been 
achieved. In this paper, the synthesis of a concept of 
hyperactivity of sensory, special sensory, motor, and 
autonomic function in cranial nerves V, VII, VIII, 
IX-X will be discussed. Mechanical compression of 
the root entry zone of cranial nerves, usually pulsatile, 
vascular and a result of the aging process is shown to 
be associated with and causal of trigeminal neuralgia 
(TN), hemifacial spasm (HFS), tinnitus and vertigo, 
glossopharyngeal neuralgia (GPN), and essential hyper- 
tension. Further, these entities, which are symptoms 
and not diseases, as first introduced regarding TN and 
HFS by Gardner," can be reversed by vascular de- 
compression of the appropriate cranial nerve root entry 
zone (REZ). 


Patient Material 


The patient population to be considered consists of 
695 patients, 423 women and 272 men, aged 15 through 
79 years, all but ten of whom were operated on at 
Presbyterian-University Hospital between 1971 and 
1979. All patients had severe and disabling symptoms 
which were refractory to medical therapy or recurred 
after prior operation. All patients underwent retro- 
mastoid craniectomy and microvascular decompression 
of the appropriate cranial nerve root entry zone using 
microsurgical techniques. Documentation of intraop- 
erative findings was by 35 mm color slides, 16 mm 
motion picture films, or color videotapes. 


Trigeminal Neuralgia 


This group consisted of 411 patients, 239 women 
and 172 men, aged 19 to 79 years, with classical tri- 
geminal neuralgia. The pain was located on the right 
side in 246 patients, the left side in 143 patients, and 
bilateral in 12 patients. The pain was usually lower 
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and/or central facial in location, with 40 patients having 


. pain over the entire V, ; distribution and only eight 


patients having pure V, pain. 


Hemifacial Spasm 


This group consisted of 229 patients, 150 women 
and 79 men, aged 15-76 years, but usually presenting 
in the sixth decade, with a mean duration of symptoms 
of five years. Twenty-five patients had undergone pre- 
vious neurolysis, crush, alcohol injection, or parital 
section. 


Eighth Cranial Nerve Dysfunction 


This group consisted of 38 patients, 24 women and 
14 men, aged 17-69 years. Symptoms of intractable 
vertigo and tinnitus, with or without hearing loss, were 
present in 20 patients, of vertigo alone in seven, and 
tinnitus with or without hearing loss in 11 patients. 
The patients variously carried the diagnosis of Meniere's 
disease, vestibular or cochlear Meniere's disease, be- 
nign paroxysmal vertigo or vestibular neuronitis. 
Symptoms were located on the right side in 17 patients 
and on the left in 21 patients. 


Glossopharyngeal Neuralgia 


This group consisted of 17 patients, ten women and 
seven men, aged 30—69 years. Symptoms were located 
on the right side in ten patients and on the left in 
seven patients. 


**Essential Hypertension 


This group consisted of 28 patients, 20 women and 
eight men, aged 31-74 years who were operated on 
for the problems noted above and coincidentally had 
essential hypertension?’ or developed hypertension as 
a result of operation (the first two patients). The right 
cerebellopontine angle was explored in five patients 
and the left in 23. None of these patients were operated 
on primarily for their hypertension. 


TABLE 1. Microvascular Decompression in Trigeminal Neuralgia 


Number 
Operative Findings of Patients 
Arterial 242 
Aneurysm l 
Venous 57 
AVM l 
Mixed arterial/venous 96 
Tumor 15 
No pathology l 
Unrecorded I 
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TABLE 2. Hemifacial Spasm 229 Patients 








Number 
Operative Findings of Patients 

Arterial 210 
Mixed 10 
Venous 4 
Tumor 

Aneurysm l 
AVM I 





Preoperative Evaluation 


Patients underwent various consultations and special 
tests depending on their diagnosis. All patients had 
plain skull roentgenograms and complete otovestibular 
testing. TN patients had somatosensory evoked po- 
tentials of the trigeminal nerve and electromyography 
of the temporomasseter muscles. HFS patients had 
movies of their facial function and electromyography 
of their facial nerve innervated muscles. Eight nerve 
patients underwent further special testing of hearing 
and balance. All patients had computerized tomography 
with contrast. General internists, medical neurologists, 
otolaryngologists, and hypertension specialists saw the 
patients when indicated. Cerebral angiography was 
performed in some patients but is no longer done rou- 
tinely because the information received has not been 
sufficient to justify the testing. 


Operative Technique and Findings 


All patients underwent a small (<5 cm diameter, 
usually <4 cm diameter) unilateral retromastoid cra- 
niectomy under general endotracheal anesthesia in the 
modified sitting (lounging) or more recently the contra- 
lateral, lateral decubitus position.!*!^ ?* Using micro- 
surgical techniques, the cerebellopontine angle was 
explored and the appropriate cranial nerve REZ was 
inspected. The offending blood vessel was tested by 
mobilization away from the nerve and placement of 
a small implant of plastic or silicone sponge or felt 
or autologous muscle. Veins, when found, were treated 
similarly or coagulated and divided. The occasional 
benign extra-axial tumor, frequently not diagnosed pre- 
operatively, and usually causing REZ vascular cross- 
compression was removed. Details of technique have 
been published previously.!? ?*?9 


Operative Findings 


Abnormalities of the root entry zone of the symp- 
tomatic nerve are collated in Table 1 (TN), Table 2 
(HFS), Table 3 (Eighth nerve dysfunction), Table 4 
(GPN) and Table 5 (^ Essential" hypertension). Several 
points should be made about the pathology: 
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TABLE 3. Eighth Cranial Nerve Dysfunction 





Operative Findings 





Offending Vessel 
Artery 26 
cochlear 
AICA 
PICA 
unidentified artery 
cochlear + AICA 
vertebral 
superior cerebellar 
AICA + PICA 
Vein 8 
Artery and Vein 4 


Total 38 


— bh3 h3 — 4 UA tA 0C 





AICA: anterior inferior cerebellar artery; PICA: posterior inferior 
cerebellar artery. 


1) These abnormalities are quite specific and can be 
correlated with the location and type of symp- 
tom, i.e. lower facial TN is usually caused by a 
blood vessel, most commonly superior cerebellar 
artery on the rostral side of the nerve, V, by a 
vessel on the caudal aspect of the REZ, and iso- 
lated V, tic by a vessel on the side of the nerve. 
Similar correlations are seen in HFS and in 
cochlear and/or vestibular symptoms in the eighth 
nerve. 

2) Multiple vessels are commonly found and were 
frequently missed early in this series. 

3) Veins which have been coagulated and divided 
may recollaterize causing recurrence of symptoms. 

4) Blood vessels are uncommonly seen cross-com- 
pressing the REZ of an asymptomatic cranial nerve 
inspected at operation when another nerve is being 
operated on. We do not know why some vascular 
cross-compression, like much cervical and lumbar 
disc disease and spondylosis, is asymptomatic. 

5) REZ vascular compression is frequently subtle. 
Well-trained microsurgeons may not appreciate 
up to 30% of the abnormalities early on in their 


TABLE 4. Glossopharyngeal Neuralgia 








Vertebral artery and vein 
Vertebral artery 
Vein 


Offending Vessel Number 
Posterior inferior cerebellar artery 9 
Anterior inferior cerebellar artery I 
PICA + vertebral l 
Unidentified small arterial loop l 
No vessel identified 2 

l 
l 
l 
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TABLE 5. Essential Hypertension 





Offending vessel (all left) 











vertebral artery 13 
"normal" g" 
ectatic 4 - 
PICA 8t 
vertebral and PICA l 
AICA and PICA l 

AICA: anterior inferior cerebellar artery. 

PICA: posterior inferior cerebellar artery. 

* One questionable, #19, anterior. 

t Questionable, #28, very caudal. 

experience with these procedures. These are ‘‘un- 
forgiving procedures"? which demand petty at- 
tention to detail if one is to make valid observa- 
tions and operate safely. 

Operative Results and Complications 

Results of operations are summarized in Tables 6  " 
(TN), 7 (HFS), 8 (Eighth nerve dysfunction), 9 (GPN), 
and 10 ("essential hypertension). Complications are 
summarized in Tables 11 (TN), 12 (HFS), 13 (Eighth 
nerve dysfunction), Table 14 (GPN). 

Several points of interest should be briefly dis- 
cussed. Repeat operations in TN were sometimes 
necessary to decompress the nerve satisfactorily. The 
most common reason for lack of response was a missed 
blood vessel or vessel that had not been properly de- 
compressed, next was a recollateralized vein and lastly, 
new late vascular compression due to continuing ar- 
terial elongation. Thirty-eight patients take some medi- 
TABLE 6. Microvascular Decompression in Trigeminal Neuralgia 

im 
Results of Operation Number Per Cent 

Well after one MVD* 328 79.8 
Well after repeat MVD 14 83.2 
Well after third MVD -4 _ 83.5 
Subtotal 343 83.5 
Well after MVD & RFL 17 87.6 
Well after MVD on med. Rx _38 _ 96.9 
Subtotal 398 96.9 
Slight pain, no meds 2 0.5 
Severe pain 5 i2 
Decreased? 5 1.2 

postop 3 

suicide l 

accident l 
Status unknown — _ 0.2 
Total 411 100.0 





* MVD: microvascular decompression. 
+ Three: other patients who were well, have died. P 
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TABLE 7. Hemifacial Spasm in 229 Patients 


Operative Results Number Per Cent 
No spasm after one operation 201 87.8 
No spasm, second procedure necessary 12 . yr. 
Partially symptomatic (<25% of preop level) 11 4.8 
Failure of therapy 5 2.2 


cation, usually small doses of phenytoin to remain pain- 
free. Two have occasional discomfort without medica- 
tion. These groups together (total or significant relief ) 
constitute 92.8% of the patients. 

Operative deaths in the entire series were from stroke 
(two patients) and brain stem infarction (two patients): 
one death in a 79-year-old woman, two in patients with 
tumors (one a leukemic, was admitted for a radiofre- 
quency rhizotomy and had a 4 cm diameter acoustic; 
one with a large undiagnosed angioma). We have now 
had no operative deaths in over 350 consecutive pa- 
tients. 

The major risk in HFS procedures is loss of ipsi- 
lateral hearing (table 12), especially in older patients 
and occasionally occurring two days or more postop- 
eratively. The eighth cranial nerve patients with vertigo 
and intercurrent unsteadiness have had much better 
results than those with tinnitus which is much less 
likely to improve. One older woman in this series sus- 
tained an apparent small brainstem infarction two days 
after operation, leaving her with more severe vertigo 
than she had preoperatively and an internuclear 
ophthalmoplegia. She is miserable, and, unfortunately, 
hateful. j 


The Hypertension Model 


An acute model of pulsatile left medullary compres- 
sion using a pulsating balloon-catheter powered by a 
pump, gave results which were statistically significant 
regarding cardiac output and stroke volume but not for 
hypertension itself.?* The brief duration of the studies 


TABLE 8. Eighth Cranial Nerve Dysfunction 


Results of Operation 


Mild Recurred 


Re- Improve- or no 
Symptoms lieved ment Relief Worse 
Vertigo and tinnitus 13 0 6 l 
Vertigo 6 l 0 0 
Tinnitus F 0 m. ,U- 
Totals 24 l 12 l 
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TABLE 9. Glossopharyngeal Neuralgia Personal Series (11 Patients) 


Treatment 
microvascular decompression 
nerve section 

Results 
pain free —— MVD 
no relief or recurrence —— MVD 
pain free- section 
dead — stroke 


N oO 


— NN ON 


in an experimental situation attempting to simulate a 
chronic clinical problem, interference of cardiovascu- 
lar reflexes by anesthetic agents, and equipment failure 
(usually balloon breakage) led us to a self-contained 
system. 

In this model (the ‘‘balloon-balloon’’ model) a 5 cm 
diameter balloon is placed in the thoracic aorta of a 
baboon through a left axillary arteriotomy. An attached 
catheter is led subcutaneously over the scapula, where 
a "Y" connector for injection purposes is in continuity 
with the catheter. At the other end of the catheter is 
a 2 cm diameter balloon. This balloon is placed in the 
subarachnoid space along the left anterolateral medulla 
via a small retromastoid craniectomy. With placement 
of air or fluid into the system, contraction of the left 
ventricle causes compression of the intra-aortic balloon 
and concurrent expansion of the small balloon in the 
configuration of an arterial pulse wave. The small bal- 
loon functions, therefore, as an artificial artery under 
control of the heart. The balloon- balloon system is 
made of Avcothane®. 

Experiments on three control and three hypertensive 
preparation animals have been completed. In these 
studies, cardiac output, pulse rate, stroke volume, pe- 
ripheral resistance, and arterial blood pressure were 
measured over periods up to seven weeks. The data, 
which appears to simulate essential hypertension, al- 
though presented at the meeting, are not published here 
as several of the author's colleagues have participated 
in these studies and will be coauthors of a paper spe- 
cifically limited to this experimental model. 


TABLE 10. Essential Hypertension Vascular Decompression Results 
of Left Lateral Medullary-IX, X* 


Normotensive on on drug therapy 
Normotensive on diuretics 
Normotensive for a time, recurred 
Improvement on same drug therapy 
No improvement 


Total 


E hus uiien das ^ 


* Not attempted in 8 of 22 patients; attempted in 14 patients. 
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TABLE 11. Microvascular Decompression in Trigeminal Neuralgia 
Number 
Complications of Patients 

Permanent cranial nerve deficit 23 
Aseptic menningitis 21 
Intracranial hematomas 4 
Mortality 4 
Bacterial meningitis 3 
Infarction 3 
Pneumonia 2 
CSF rhinorrhea 2 
Pulmonary embolism 2 





Discussion 


These cranial nerve symptoms, which are apparently 
diverse, on analysis from a perspective concerned with 
the arterial elongation and brain sag seen routinely with 
the aging process, do indeed appear to be similar. That 
is, they are all symptoms of hyperactive dysfunction 
of the cranial nerve, a caricature of their normal func- 
tion. They are all, gradually or rapidly, accompanied 
by progressive evidence of loss of function. They are 
caused almost exclusively by pulsatile vascular com- 
pression at the root entry zone, a junctional area be- 
tween central and peripheral myelin (except in the 
eighth nerve which contains central nervous system 
myelin to the internal auditory meatus region), and 
where there are known defects in the myelin. 

These problems have generally in the past been treated 
by replacing the hyperactive symptoms with loss of 
function (i.e., pain-numbness, spasm-weakness, etc.) 
using destructive techniques. Definitive treatment is 
now available in many centers.! ?:8.14.15.17-29,39,41 
Apfelbaum? has compared a series of radiofrequency 
lesions with microvascular decompression in TN. He 
makes a strong point about the difference in quality of 
life if the patient does not have a constant reminder 
of his prior symptoms. This author is biased toward 
the definitive procedure but feels that radiofrequency 


TABLE 12. Hemifacial Spasm in 229 Patients 


Cranial Number 
Nerve Deficit of Patients 
Trigeminal Hypalgesia l 
Facial postop weakness 9 (6 persist) 
postop late onset weakness 7 (1 persists) 
Acoustic Hearing loss 18 
deaf 8 
profound 8 
mild 2 


Cranial nerve deficits (23 patients). 
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TABLE 13. Eighth Cranial Nerve Dysfunction 





Complications 





Temporary 
Epidural hematoma 
postoperative and n. VI paresis 
X cranial nerve paresis 
aseptic meningitis 
urinary tract infection 
Permanent 
internuclear ophthmoplegia and worsening of 
vertigo 
deterioration of hearing 





rhizotomy is a useful method of treatment, the only 
question being that of the indications for one proce- 
dure versus the other. 

Lew and Grant in 1938?? discussed the role of ar- 
teriosclerosis in the origin of TN but placed the theoreti- 
cal lesion in the thalamus. Early investigators noted 
abnormalities of the cranial nerves in patients with TN 
and HFS.***"' Only Dandy? inspected the tri- 
geminal nerve in a large number of patients using a 
caudolateral approach and without magnification. The 
surgical microscope was not applied to clinical neuro- 
surgery until Kurze began to use it in about 1957. 

Sunderland?" and Hardy and Rhoton'® have done 
postmortem dissections of the neurovascular relation- 
ships at the base of the brain. These careful studies 
are without clinical correlation. Haines et al.!?'^ have 
recently performed two postmortem studies with clini- 
cal correlation of these relationships about the tri- 
geminal nerve, the latter study a comparison with vide- 
otapes from operations for TN. The differences in the 
two groups of brains are significant. Still, some cadaver 
brains have apparently significant trigeminal nerve vas- 
cular compression without a history of symptoms dur- 
ing life. These data correlate with the progressively 
common asymptomatic evidence of lumbar and cervical 
disc disease and spondylosis in the population at large. 

A number of points regarding clinical hypertension 
may be made which may be of interest especially from 


TABLE 14. Glossopharyngeal Neuralgia (Personal 
Series —11 Patients) 


Number 
Complications of Patients 
Death, hypertensive crisis l 
Temporary hypertension l 
Decreased palatal and gag reflexes 
MVD (temporary) 
section 2 
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N 
\ the perspective of neurovascular compression as an 
( etiologic factor. 


e High (or low or normal) blood pressure is a meas- 
urement, not a disease. 

e A lucid literature exists regarding renal artery ste- 
nosis, pheochromocytonia and other endocrine tu- 
mors, based on understanding of the etiologic 
process in these diseases. 

e A literature of similar clarity regarding the pa- 
tient population with *'essential hypertension, 
where the etiology has been obscure, does not 
exist. 

e For years surgeons successfully treated *'essen- 
tial” hypertension in selected patients by inter- 
rupting the autonomic nervous system peripherally. 

e Most antihypertensive drugs have major action in 
the central nervous system, and in the area im- 
pinged upon by the artery. 

e Hypertension augments arterial elongation, a 
self-perpetuating system correlating with clinical 
progression. 

e The autonomic distribution of the vagus nerves 
is asymmetrical. 

e Although the common finding in patients has been 
left lateral medulla vascular compression, it is con- 
ceivable that arterial loops could cause hyperten- 
sion by pulsatile compression anywhere from 
midline and paramedian forebrain to upper thoracic 
spinal cord, for some cardiovascular control is 
located throughout these regions. The left antero- 
lateral medulla and vagus nerve are mechanically 
available to vascular compression by elongated 
vertebral or posterior inferior cerebellar arteries. 

e Left anterolateral medullary arterial compression 
has not been noted in over 50 nonhypertensive 
patients. 

e Several neurosurgeons have now made independ- 
ent observations corroborating the author's 
findings.*?^ 


The hypertension experimental work?^?? must be 
considered preliminary insofar as full proof of the 
Henle-Koch postulates regarding etiology are con- 
cerned until the present series of chronic animal ex- 
periments using the ‘‘balloon-balloon’’ model are ex- 
tended. The broadening of the concept of hyperactive 
cranial nerve sensory, motor and special sensory dys- 
function to include hyperactive autonomic (vagal nerve) 
dysfunction appears reasonable and further clinical and 
laboratory experience will presumably verify or refute 
the many questions which are naturally raised by this 
apparently real phenomenon. This author, on the basis 
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of the findings noted here, raises the question, with 
some temerity, of a concept of the origin of a growing 
series of problems associated with the aging process 
and specifically with vascular deterioration and its pri- 
mary mechanical and subsequent morphological and 
pathophysiologic effects on control of various cranial 
nerve and systemic autonomic function. 
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DISCUSSION 


DR. ROBERT W. RAND (Los Angeles, California): Dr. Jannetta 
has introduced a unique and original concept of medulla oblongata 
vascular compression by the vertebral artery as one of the causes of 
hypertension. Further, he has demonstrated this neurovascular com- 
pression phenomenon can be surgically treated in certain instances 
by microvascular decompression. This experimental and clinical re- 
search has historic roots, as he mentioned, in the surgical treatment 
of the syndromes of trigeminal neuralgia and hemifacial spasm by 
Drs. Walter Dandy and W. James Gardner, respectively. 

I would like to review briefly these operations. The original draw- 
ings by Dr. Dandy in the late 1920s depict his evidence that the 
looping cerebellar arteries can compress and distort the trigeminal 
nerve and thus cause tic douloureux or major trigeminal neuralgia. 

Dr. Jannetta has expanded and popularized this concept of the 
neurovascular compression syndrome of Dandy as a mechanism of 
the cause of trigeminal neuralgia. About 103 of 206 instances de- 
scribed originally by Dandy were caused by some type of vascular 
compression of the trigeminal nerve. In addition to the arteries, 
Dandy also described venous neurocompression. As Dr. Jannetta 
has pointed out, not many surgeons believed that Dr. Dandy was 
correct at that time. 

Dr. W. James Gardner in 1959 was the first surgeon to put an 
absorbable sponge between the compressing cerebellar artery and 
the distorted trigeminal nerve. The first patient treated by Dr. Gard- 
ner remained completely free of tic douloureux without neurologic 
loss for five years. Subsequent patients treated by Gardner were 
also relieved of the pain. 

It has been 14 years since. with Dr. Jannetta, I operated on 
my first patient using microneurosurgical decompressive techniques 
of the trigeminal nerve. The patient remains completely free of tic 
douloureux and without sensory loss. Additional patients, like those 
of Dr. Gardner, have been successfully treated at UCLA in this 
manner by subtemporal transtentorial and suboccipital operations. 
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Dr. Gardner went on to work on the problem of hemifacial spasm, 
as Dr. Jannetta has indicated, using similar neurovascular decom- 
pression procedures he developed for trigeminal neuralgia. In 1961 
Dr. Gardner's first group of seven patients with hemifacial spasm 
successfully underwent his neurovascular decompression operation 
without having facial palsy, and yet being relieved completely of 
the hemifacial spasm. 


Dr. BROOKE ROBERTS (Philadelphia, Pennsylvania): To those of 
us who are not neurosurgeons, this concept is almost completely 
new. I had been aware of Dr. Jannetta's work with regard to tic 
douloureux and some of the neuralgias of the cranial facial nerves, 
but this concept of hypertension explained on a similar basis is 
new and an extraordinarily exciting concept. 

New concepts often have difficulty being accepted. It is fascinating 
when a group of diseases or entities whose cause is poorly 
or completely understood are brought together to show by a 
common cause that they can be explained and to have them ex- 
plained in such a simple way. 

What percentage of hypertension, so called essential hypertension, 
caused by this remains to be seen? Some of it is unquestionably 
true from the results which we have heard. I look forward to more 
work from this quarter. 


DR. WILLIAM S. BLAKEMORE (Toledo, Ohio): I have watched 
Dr. Jannetta's work for a number of years. It is true that he has 
had to go through the criticism of his colleagues to establish the 
concept of the hyperexcitability of the endocranial portion of the 
cranial nerves. I wish especially to comment on this newly presented 
cause for hypertension. It evolves that after 25 or 30 years, when 
Smithwick and Zintel and Wolferth and others studied surgical treat- 
ment of hypertension, which in long-term follow-up studies has bet- 
ter results for the severely hypertensive patient than any medical 
treatment with ten year follow-up results. We have identified several 
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entities such as renal vascular hypertension or hyperaldosteronism, 
some of which were treated surgically but are now treated by more 
selective surgical procedures. Now we have another new disease 
entity that might also be treated surgically. I would like to ask Dr. 
Jannetta if he has any ideas on how we might diagnose this entity 
short of exploration of the interior of the skull. Is the mechanism 
humoral or neural, stimulating the pituitary or other end organ? 
Where does he think the next experimental models might be most 
effective for use by a number of young surgeons who might be 
particularly interested in developing further this intriguing concept. 

I would also like to take license to present one more idea to this 
Association, the members of which are interested in training young 
surgeons. Dr. Jannetta is one of the first academic surgeons trained 
20 years ago under a concept, which I had the opportunity to develop 
with others, including Dr. Carl Moyer, of including two years of 
laboratory experience in a basic science discipline. Despite the abor- 
tive attempt by the federal government to fund these programs, I 
would recommend to you that there are funds and methods of ef- 
ficiently training young surgeons, especially those who have talents 
which promise them to be contributors in an academic setting and 
those who are interested in academic pursuits in surgical specialties 
and areas of academic surgery in which there is a manpower shortage. 
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DR. PETER J. JANNETTA (Closing discussion): Dr. Dandy's work 
was complicated by the fact that he put an entity that he called 
trigeminal neuralgia, which we have unfortunately lumped with 
atypical facial pain, in together with his series of classic trigeminal 
neuralgias, which he called tic douloureux. That has caused an on- 
going problem. 

In regard to Dr. Roberts’ comments, I do not know what per- 
centage of patients will have essential hypertension. This was clearly 
present in 21 of 23 and in four more patients on whom I have the 
data. I can only follow up on William Henry Welch, who a long 
time ago said, '' We must remember, gentlemen, that per cent means 
per hundred." When we have one hundred patients, I may be able 
to respond more clearly to that. I think it is common. 

Dr. Blakemore, I think that a stereoscopic angiogram will be helpful 
in trying to eiucidate this problem. Also, we need better testing of 
vagal function, other than what we test at present. 

I think there are probably many epiphenomena that occur as a 
result of this pump, the left ventricle, being overdriven—humoral, 
reflex, even emotional and that, with further elaboration with the 
experimental model, we may be able to work this out. It will become 
complicated, because it appears to be both afferent and efferent, 
hyperactive and hypoactive, central and peripheral autonomic dys- 
function, so we're dealing with six parameters. 


Total or Near Total Pancreatectomy and Islet 
Autotransplantation for Treatment of Chronic Pancreatitis 


JOHN S. NAJARIAN, M.D., DAVID E. R. SUTHERLAND, M.D., DIETER BAUMGARTNER, M.D., BARBARA BURKE, M.D., 
JOHN J. RYNASIEWICZ, M.D., ARTHUR J. MATAS, M.D., FREDERICK C. GOETZ, M.D. 


Total or near total pancreatectomy is the surest way to relieve 
the pain of chronic pancreatitis but is rarely applied because 
the metabolic consequences are so severe. For most patients 
drainage procedures are applicable, but pancreatectomy may 
be the only alternative for small duct disease or where proce- 
dures to improve duct drainage have failed. Preservation of 
endocrine function is a major problem in patients who require 
pancreatectomy. Experiments in pancreatectomized dogs have 
shown that intrasplenic or intraportal transplantation of un- 
purified pancreatic islet tissue dispersed by collagenase di- 
gestion can prevent diabetes. We have applied this technique 
to ten patients with chronic pancreatitis, small ducts, and in- 
tractable pain. The entire pancreas or >95% of the pancreas 
was excised, minced, dispersed by collagenase digestion and 
infused into the portal vein —2'2 hours after removal. Mean 
(+SD) rise in portal pressure was 17 + 8 cm of water. Liver 
function tests were altered minimally. All patients were relieved 
of pain. One patient died of a complication not related to the 
islet autotransplant; viable islets were identified in the liver 
at autopsy. Of the remaining nine patients, three have been 
insulin independent for 1, 9, and 38 months. One patient was 
insulin independent for 15 months and now takes 12 units of 
insulin daily. Three have nonketosis prone diabetes (tested by 
insulin withdrawal) and take 15—30 units of insulin per day. 
C-peptide studies in these patients show that functioning 
islets are present. Two patients are diabetic and require 35 
and 60 units of insulin per day. In eight of nine patients 
tested serum insulin concentrations fell to undetectable levels 
during the interval between pancreatectomy and islet trans- 
plantation. Serum insulin levels during the first few hours 
after islet transplantation predicted success. In the insulin 
independent or in the patients with mild diabetes, insulin 
levels were persistently —6 „U/ml. In the other two patients, 
the increase in insulin concentration was not sustained. Islet 
tissue preparation from a diseased pancreas is difficult. The 
surgeon and the patient must still be willing to accept diabetes 
for relief of pain when performing this operation. In some 
patients, however, islet autotransplantation can prevent or 
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partially ameliorate diabetes after pancreatectomy, and 
preservation of endocrine function is worthwhile. 


OTAL OR NEAR TOTAL pancreatectomy is the surest 
T way to relieve the pain of chronic pancreatitis,” 1° 
but the operation has severe metabolic consequences. ? 
A variety of surgical procedures are available that will 
preserve pancreatic tissue, but pancreatectomy may be 
the only alternative for small duct disease or where 
procedures to improve duct drainage have failed. 

More than 8046 of patients with chronic pancreatitis 
who require operative treatment do not have overt di- 
abetes at that time.?? However, diabetes is a predictable 
event after major pancreatic resection,?!? and when 
more than 9546 of a gland is removed, all patients be- 
come insulin dependent.?? 

We have attempted to prevent diabetes or to reduce 
the severity of the disease after pancreatectomy by 


performing an intraportal transplantation of autologous — 


islet tissue prepared by dispersion of the excised pan- 
creas.?? The technique for pancreatic islet tissue prep- 
aration was similar to that used to prevent diabetes by 
autotransplantation after total pancreatectomy in nor- 
mal dogs.'*?? The initial outcome and the results of 
metabolic studies in our first case”? and in two others?*?* 
have previously been reported. In this article, our total 
experience to date with pancreatectomy and islet auto- 
transplantation in ten patients with chronic pancreatitis 
Is described. 


Patient Population 


Patients Undergoing Near Total Pancreatectomy With- 
out Islet Autotransplantation and Outcome 


Between 1966 and 1978, eight patients (seven males 
and one female) with chronic pancreatitis underwent 
total or near total (85-95%) pancreatectomy at the 
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TABLE 1. Biographic Information and Outcome in Ten Patients with Chronic Pancreatitis Treated with Total or Near Total 
Pancreatectomy and Intraportal Islet Autotransplantation 


—————————————————————————— M —— aa 


Length 

In- Ke-  C-Pep- of Fol- 

Adjunctive Procedures sulin tosis tide low-up 
or Complications Dose Prone Pres. (mos.) Comments 


—————————————————————————————————— a 


Date of Histo- 
Pancre- path. 
=- Years atectomy Severity 
Etiology of and Islet of 
Age of Pan- Symp- Auto- Pancre- 
Patient Sex (yrs) creatitis toms Previous Operations trans. atitis 
1. H.M. F 39 Familial 20 Mult. gastric ops. 02-14-77 12 
1967 - 1974 
2. MB. M 35 Alcohol 5 Sphincteroplasty July 11-22-77 13 
1979 
3. V.M: F 57 Idiopathic 4 Cholecystectomy 1960 02-23-78 2 
4. BM. F 46  ? Biliary 6 Cholecystectomy 07-16-79 18 
& CBDE Mar. 1979 
5. A. M 29 Alcohol 3 Distal (70-80%) 07-19-79 8 
pancreatectomy 
- Jan. 79 
6. CR. M 24 Alcohol 8 Exp. Lap. 1971 07-23-79 20 
Hem. pancreatitis 
T/H* 
7. A.W. M 32 Alcohol 4 Gastrectomy & B-II 1974 07-27-79 19/9 
8. K.N. F 27 Idiopathic 4 Cholecystectomy 1975 08-27-79 0/12 
Sphincteroplasty 1977 
9. DL. M 41 Alcohol 5 Pancreatic abscess with — 12-17-79 14 
rupture into colon, 
drained and ileostomy 
1976 
10. M.K. M 35 Alcohol 4 Distal (30%) pancre- 03-24-80 14/0 


atectomy & Roux- 
en-Y pancreatico- 
jejunostomy Dec. 1978 


None 0 No Yes 38 Normal GTT. Had islet 
hyperplasia 
Perf. colon. — — — — Viable islets in liver 
Died 12-3-77 at autopsy 
None 12 No Yes 26 On no insulin for first 
15 months 
Choledochoplasty with 23 No Yes 9 Multiple giant cysts of 
pancreatectomy. pancreas 
Duodenal ischemia; duo- 
denectomy, choledocho- 
jejunostomy and 
gastrojejunostomy 8-13-79 
Duodenal structure from 35 NT NT 9 Has not returned for 
ischemia had followup studies 
gastrojejunostomy Nov 79 
None 60 NT Low 9 Has not returned for 
followup studies 
Severe bleeding after t-tube 30 NT Low 9 Required little or no insulin 
pulled — 8-17-79; required until reoperation. 
reoperation C-peptide decreased after 
reoperation 
Partial duod. obst. 0 No Yes 8 Insulin dependent, but 
Vag. & gastrojej. 10-18-79 abnormal GTT 
None 15 No Yes 4 Had abscess in head of 
pancreas. Only pancre- 
atic tail processed for 
islets 
None 0 No Yes l Had only 90% pancre- 


atectomyt 





* T = Tail. H = Head. 


University of Minnesota Hospitals. They ranged in age 
from 25 to 68 years. The cause of diabetes was alcohol 
related in six patients, biliary tract disease related in 
one patient and idiopathic in one patient. Five patients 
had previous operations: 40% pancreatectomy in one 
patient; longitudinal Roux-en-Y pancreaticojejunostomy 
in one; cholecystectomy in two patients; and sphinc- 
teroplasty in one. The operations were unsuccessful. 
All eight patients were relieved of pain after pan- 
createctomy. All eight also became diabetic after the 
operation. No patient had been overtly diabetic before 
the operation. One patient died one year after pan- 
createctomy from hypoglycemia secondary to an in- 
sulin reaction. One patient died 11 years after pan- 
createctomy of a metastatic carcinoma with an unknown 
primary. The other six patients are alive 5-12 years 
after the operation, but all require exogenous insulin. 
The pancreases of four of these patients were graded 


+ All other patients had >95% pancreatectomy. NT = Not Tested. 


for the severity of the histopathologic findings (see 
below for grading criteria); these pancreases received 
grades of 9, 14, 14 and 16. (Mean + SD, 13. 3 + 3.0) 


Patients Undergoing Total or Near Total Pancreatec- 
tomy and Islet Autotransplantation 


Between February 14, 1977, and March 24, 1980, ten 
patients with chronic pancreatitis were treated with 
total or near total pancreatectomy (>95% in all but 
one) and islet autotransplantation (Table 1). There were 
six males and four females. The age range was 24-57 
years. Alcohol was implicated as the cause of the disease 
in six patients, although four probably did not drink 
alcohol at the time we treated them. In one patient 
the pancreatitis originally may have been induced by 
biliary tract disease; the other three patients had no 
obvious etiologic factors, although one had a history 
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Fic. 1. Endoscopic retrograde pancreaticoductograms illustrating small duct disease in patients with chronic pancreatitis. (A, left) Patient No. 6 
with small, diffusely irregular duct and no areas of dilation. (B, right) Patient No. 8 two years after sphincteroplasty with small duct and 
extravasation of dye into the head of the pancreas. No cyst was found at surgery. 


suggestive of familial pancreatitis. All of the patients 
had been hospitalized repeatedly for their disease and 
required narcotics to treat the pain. All patients had 
had previous operations, seven directly related to the 
pancreas or biliary tract which did not relieve the pain. 
The pancreatic duct was either small, of normal caliber 
or only minimally dilated in all of the patients (Fig. 1). 
For these reasons, we felt that a major resection was 
the only procedure that would relieve their pain. 


Operation 


The operative technique was basically the same in 
all patients. The tail, body, head and the uncinate proc- 
ess of the pancreas were removed, along with the spleen 
(unless a splenectomy had previously been done). Two 
patients previously had had partial pancreatectomies, 
approximately 70% in one (#5), and approximately 
30% in the other (#10). In most patients. the common 
bile duct was cannulated in an attempt to avoid injury 
during excision of the head of the pancreas. Except 
in one patient (#10), we made a special effort to remove 
virtually all of the pancreatic tissue along the duodenum. 
This operation, originally performed by Barret and 
Bowers,* has been well described? and if done meticu- 
lously removes >95% of the pancreas. Ir patient #10, 
the proximal head and uncinate process were relatively 
uninvolved with the disease, and a2 x 2 cm portion of 
the uncinate process was left in situ along with a rim of 
tissue adjacent to the duodenum. In this patient it was 
estimated that an 85-90% pancreatectomy was done. 

The blood supply to the pancreas was left intact as 
long as possible in order to minimize warm ischemia 
of the organ. The tail and body were mobilized, but 


the splenic artery and vein were not ligated until after 
the uncinate process and head of the pancreas had 
been dissected free and the vessels to these portions 
of the pancreas had been divided. 


Preparation and Yield of Islet Tissue 
from the Excised Pancreas 


Immediately after excision the pancreas was im- 
mersed in iced saline and the splenic artery was flushed 
with cold, heparinized Ringer's lactate solution. Biop- 
sies from the tail and head of the pancreas were ob- 
tained for pathologic examination. 

The pancreas was then transported in a sterile con- 
tainer to the laboratory and weighed. All procedures 
were carried out under sterile conditions within a 
laminar flow hood. The pancreatic duct was injected 
under pressure with cold Hanks' solution or Medium 
199. In general, distention of the fibrotic glands was 
difficult. The pancreas was trimmed of necrotic tissue 
and fat and reweighed to calculate the weight of the 
tissue to be dispersed. The pancreas was then chopped, 
4—5 gat a time, for one to two minutes in a mechanical 
tissue chopper.?' Our objective was to produce tissue 
fragments which would pass through a 15 gauge needle, 
but this was not always possible. The chopped tissue 
was washed at least four times with cold Hanks' solu- 
tion using a volume four to five times the volume of 
tissue. The tissue and supernate were separated by 
gravity. 

The tissue was then digested at 37 C with collagenase 
(type IV, either obtained from Worthington Biochemi- 
cals, Freeport, New Jersey or Sigma Chemical Com- 
pany, St. Louis, MO). We always used a collagenase 
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TABLE 2. Results of Tissue Insulin and Amylase Measurements Before and After Dispersal of Pancreases Excised 
and Processed for Islet Autotransplantation to Patients with Chronic Pancreatitis 


—————————————————————————————————————————————————————————————————————————————————————————————————————— 





Total Total Collagenase Collagenase Insulin Amylase 
Tissue Tissue Used for Concen- Content of Content of 
Weight Insulin Amylase Digestion tration Duration Tissue After Tissue After Residual 
of Content of Content of per gm During Collagenase Collagenase Collagenase Islet Exocrine 
Pa- Pancreas Pancreas Pancreas of Tissue Digestion Digestion Digestion Digestion Yield Tissue 
tient — (gm)* (ug)? (mg)t (units) (g/dl) (mins) (ug)§ (mg)§ (%)' (%)' 
l 42 17,860 77 1440 0.30 20 9.877 20 55 26 
2 60 13,895 29 2176 0.28 20 3,326 4 24 13 
3^ 82 13,118 561 2000 0.46 20 7,247 281 55 50 
4€ 48 25,457 >53 940 0.12 25 977 «] <18 <2 
5# 41 3,781 239 1316 0.17 15 1,412 53 37 22 
6 32 3,970 25 940 0.12 15 220 4 $.5 16 
7 65 7,941 100 940 0.10 15 512 27 6.4 17 
gtt 72 6,434 251 940 0.13 12.5 5,331 52 83 21 
gat 55 4,889 71 438 0.09 20 2,51077 19 <S1t7 27 
10 45 3,051 112 940 0.09 20 1,404 4 46 3 





* Weight of pancreas used for processing. Necrotic fat, inflamma- 
tory and other tissue attached to pancreas trimmed and discarded. 

+ Total tissue insulin and amylase content of pancreas was 
calculated from post chop tissue + post chop wash, or from post 
chop wash + post digest tissue + post digest wash values obtained 
on aliquots taken during and after processing. 

ti Microprotease, 0.5 mg/gm tissue, added for pancreas Nos. 4-8 
& 10. DNase 2 mg added for Nos. 3 & 9. 

$ Represents total insulin or amylase content of pancreatic islet 
tissue transplanted (insulin content is proportional to B-cell mass). 

! Total insulin or amylase content of transplanted tissue expressed 
as per cent of total insulin or amylase content of pancreas before 
processing. Islet yield calculated from insulin content and exocrine 


lot that had previously been found to give satisfactory 
islet preparations for transplantation in dogs. The 
quantity and concentration of collagenase used and 
the duration of digestion for each pancreas is given 
in Table 2. The first three pancreases were digested 
in a beaker in a shaking water bath. The last seven 
were digested in a specially designed fluted glass flask 
with a magnetic stirrer at the bottom and an outer 
jacket through which water at 37 C was circulated. 
The latter method facilitated digestion and for that 
reason a lower concentration of collagenase was used. 

After digestion, the tissue was diluted with cold 
Hanks' solution and washed four times. The first three 
washes were with Hanks' solution or Medium 199; the 
last wash was in GIB medium. The washes were per- 
formed by distributing the tissue among eight 50 ml 
sterile plastic centrifuge tubes. The tissue and super- 
nate were separated by centrifugation at low speed 
for one minute. Sterility was maintained throughout 
the procedure by transferring the tissue to fresh tubes 
after each spin. After the final wash, the tissue was 
aspirated through a 15 or 18 gauge needle, diluted in 
300 ml of GIB media, placed in sterile 50 ml syringes, 
and transported to the operating room for autotrans- 
plantation. It took approximately two hours to process 
the tissue and prepare it for transplantation. 


residual from amylase content of processed tissue. 

* Total tissue insulin and amylase content of pancreas No. 4 could 
not be calculated because the post chop wash sample was lost in 
a laboratory accident. 

# R.S. had had a 70% pancreatectomy and M.K. a 3046 pancre- 
atectomy at previous operations. 

** Pancreas Nos. 8, 9 & 10 were minced less vigorously than 
Nos. 4-7. Tissue chopper was run at a slower speed and for a shorter 
time. 

tt No. 9 was briefly rechopped after digestion, washing and sus- 
pension in solution for transplantation, so insulin content includes 
insulin released into solution during rechopping. Actual islet yield, 
therefore, is less than that calculated from insulin content. 


Aliquots of the postchop tissue, postchop wash, 
postdigest tissue and postdigest wash were taken dur- 
ing processing. The samples were homogenized and 
assayed for insulin" and amylase.'’ The total tissue 
insulin and amylase content of each pancreas, the 
yield of islet tissue (proportional tissue to insulin con- 
tent), and the degree of contamination of exocrine tis- 
sue (proportional to tissue amylase content) were cal- 
culated according to previously described methods.?? 
The results of these measurements are summarized in 
Table 2. The islet yield expressed as a percentage of 
the original insulin content of the pancreas, ranged from 
5.5 to 83%. A high yield, however, did not neces- 
sarily mean a large quantity of islets were transplanted, 
since some pancreases had a low insulin content be- 
fore processing. The insulin content of the transplanted 
tissue ranged from 220 to 9,877 mg. A large insulin 
content is not necessarily indicative of a superior prep- 
aration, since the degree of tissue dispersal is also im- 
portant for engraftment and a high insulin content might 
reflect an inadequate dispersal.'? For human pancreases, 
we do not know the digestion conditions that will give 
the optimum dispersal with the least degree of islet 
destruction. Nevertheless, the most successful out- 
come from a metabolic standpoint was in the patient 
(#1) with the highest pancreatic tissue insulin content 
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before and after processing, and the most unsatisfactory 
was in the patient (#6) with the lowest insulin content 
after processing. 


Technique of Islet Transplantation and 
Intraoperative Studies 


Each patient was given heparin 0.75 mg/kg body 
weight before intraportal islet autotransplantation. 
Protomine was not given at the end of the infusion. 
The tissue was infused into the portal vein via a catheter 
inserted into a mesenteric vein. The infusion times 
ranged from 11 to 30 minutes. 


Portal Pressure 


Portal pressure was measured before, during and 
after infusion and the results of these measurements 
are summarized in Figure 2. The portal pressure in- 
creased in each patient during infusion. The increase 
ranged from 7 to 28 cm of water (mean, 17 + 8 SD), 
and the highest recorded pressure was 36 cm of water. 
In four patients the portal pressure was measured a 
few minutes after the completion of tissue infusion and 
in each case the portal pressure declined. The bowel 
retained its normal color and there were no apparent 
sequelae from the transient elevation of portal pressure. 


Serum Insulin 


Serum insulin levels were measured during the op- 
eration in each patient except one (#2). Samples were 
taken before, during and immediately preceding the 
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Fic. 2. Portal pressures be- 
fore, during and after intra- 
portal islet autotransplanta- 
tion in patients undergoing 
pancreatectomy for chronic 
pancreatitis. 


" Before 
e During 
o After 


Qo 30 35 


completion of pancreatectomy; during the interval be- 
tween pancreatectomy and islet infusion; and for at 
least two hours after islet transplantation. Insulin has 
a half life approximately 4.5 minutes, and it always 
disappears from the serum if the pancreatectomy is 
complete. The results of these measurements are sum- 
marized in Table 3. Insulin was virtually undetectable 
by 15 minutes after pancreatectomy in all of the pa- 
tients except for patient 10 (the one patient where we 
intentionally left a remnant of the uncinate process). 
In all of the patients there was an abrupt appearance 
of a high concentration of insulin in the serum after 
islet transplantation. Insulin levels then declined, but 
remained at detectable levels in seven of the nine pa- 
tients throughout the period of measurement. The serum 
insulin levels during the immediate posttransplant pe- 
riod roughly correlated with the ultimate metabolic 
status of the patient. The two in whom the increase in 
serum insulin was not sustained have minimal evidence 
of islet function, while in the others islet function is 
definitely present. 


Histopathologic Studies of the Excised Pancreases 


Each pancreas was graded histologically and given 
scores of 0 to 4+ (0 representing normal and 4+ repre- 
senting the most severe change) relative to changes in: 
1) ducts (obstruction, acute inflammation, chronic in- 
flammation, fibrosis, dilation); 2) acini (overall loss in 
volume, overall fibrosis, acute necrosis, acute inflam- 
mation, chronic inflammation); 3) islets of Langerhans 
(inflammation, fibrosis and distortion, overall change 
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TABLE 3. Plasma Insulin Concentrations ( uU/ml) Before and After Pancreatectomy and After Islet Autotransplantation 
to the Portal Vein During Operation on Patients with Chronic Pancreatitis: Correlaton with Outcome 
Before Completion After Pancre- Metabolic 





of Pancreatectomy atectomy* After Islet Autotransplantation Status After 
Pa- ss ———————— —— Trans- 
tient < —30' —30 to 0' = 15’ >30' <5’ 15 30' 45' 60' 90' 120’ > 120’ plantation? 
l 8 8 6 <4 — — 34 — — — 126 14 Excellent 
3 15 13-8 6 «2 380 124 9 7 10 — 13 — Good- Fair 
4 23-55 30-10 4 <2 280 121 26 — 24 — 14 — Fair 
5 14-5 6 — <2 64 6 <2 <2 <2 <2 — <2 Poor 
6 8-16 8—24 <2 <2 25 2 <2 <2 <2 ne <2 <2 Poor 
J 3 3 c2 <2 233 58 24 19 8 — 6 — Fair 
8 34-21 2 <2 <2 385 51 26 15 14 16 20 18 Good 
9 9-107 160-19 4 2-3 270 58 30 24 21 20 17 — Fair 
10 4—26 14 5 3-16 269 55 32 31 27 18 21 18 Good 


* Interval between pancreatectomy and islet autotransplantation 
ranged from 120 to 160 minutes. 

+ Metabolic status indicative of long-term functional reserve of 
islets after autotransplantation: Excellent — Normoglycemic without 
need for exogenous insulin; Good —insulin independent, but ab- 


of volume); and 4) presence or absence of abscess or 
pseudocyst. The scores for each patient are listed in 
Table 1. The changes were uniform throughout the 
pancreas in 7 patients and nonuniform in three patients 
(Nos. 7, 8 and 10). The mean score for the 10 pan- 
creases was 12.6 + 5.0, the same as in the patients that 
did not undergo islet autotransplantation. Representa- 
tive histologic findings in the pancreases of those pa- 
tients are illustrated in Figure 3. An attempt was made 
to correlate the histopathological scores with the met- 
abolic outcome after transplantation in each patient, 
but this was difficult, perhaps because so many other 
variables are involved. A histopathologic study of the 
islets of Langerhans, using immunoperoxidase stains 
for insulin and other hormones, is underway, but this 


» study has not been completed. It is interesting, how- 


- 


ever, that the one patient (#1) with the most successful 
outcome from the metabolic standpoint, and with the 
highest insulin content, had islet hyperplasia. The com- 
bination of hyperplastic islets (Fig. 4) and chronic pan- 
creatitis may have fortuitously contributed to the good 
result with islet transplantation in this patient. 


Outcome After Pancreatectomy and Islet 
Autotransplantation 


Pain Relief 


The principle objective in the treatment of these pa- 
tients was to relieve the pain of chronic pancreatitis. 
This was achieved in each patient. Seven of the nine 
survivors were successfully withdrawn from narcotics 
after they recovered from the operation. The other 
two (#5 and 6) were addicted to narcotics; withdrawal 
has been difficult, and we are not certain of their drug 
status at this time. 


normal glucose tolerance; Fair —exogenous insulin in small to mod- 
erate doses required to maintain normal blood sugar levels, but not 
ketosis prone; Poor—large doses of exogenous insulin required to 
maintain normal blood sugar levels. 


Side Effects of Islet Transplantation 


There were no serious complications from infusion 
of dispersed pancreatic islet tissue into the portal vein. 
Portal vein pressure increased (Fig. 2), but the acute 
systemic hemodynamic changes described by others???! 
were not seen. Slight increases in bilirubin, SGOT and 
alkaline phosphatase occurred in some patients, but 
the values returned to normal and the alterations in 
liver function tests were minimal (Table 4). 


Complications of Surgery 


Five patients had postoperative complications. Pa- 
tient #2 died ten days after surgery from a perforation 
of the transverse colon. At autopsy viable islets were 
identified in the liver. The histologic findings, including 
the results of immunoperoxidase stains, showing in- 
sulin containing beta and glucagon containing alpha 
cells in the liver of this patient, have previously been 
published.?* 

Patient #4 developed necrosis of a portion of the 
duodenum after pancreatectomy, and required duode- 
nectomy, choledochojejunostomy and gastrojejunos- 
tomy at the second operation. This patient had multiple 
cysts of the pancreas that encompassed the blood sup- 
ply to the duodenum. 

Patient 45 developed a duodenal stricture, probably 
from ischemia, and had a gastrojejunostomy performed 
at another hospital two months after pancreatectomy 
and islet autotransplantation. 

Patient #7 had a major bleed following removal of 
the T-tube from his common bile duct. At reoperation 
an arterial bleeder in the region of the common duct 
was ligated. A decrease in islet function occurred after 
this operation. 
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Fic. 4. Photomicrograph of pancreas 
from patient No. 1 with islet hyper- 
plasia. Two adjacent islets of Langer- 
hans are seen each of exceptionally 
large size. Note that the general 
architecture of the islets is normal and 
that they are free of inflammation 
(H & E x160). 


Patient 8 had a hematoma in the pancreatic bed 
after pancreatectomy and had functional obstruction 
of the duodenum six weeks after pancreatectomy. This 
was treated with a vagotomy and gastrojejunostomy. 


Islet Function and Metabolic Status After 
Pancreatectomy and Islet Autotransplantation 


The current metabolic status of the patients treated 
with pancreatectomy and islet autotransplantation are 
summarized in Table 5. Three patients (#1, 8, and 10) 
currently do not require insulin at >3 years, eight 
months and one month after islet autotransplantation. 

One patient (#3) did not receive insulin for 15 


TABLE 4. Results of Liver Function Tests (Mean + SE) Before and 
After Pancreatectomy and Intraportal Islet Autotransplantation 
in Patients with Chronic Pancreatitis 








Highest 
Pre- Value Days 
operative After After Value at 
Value Operation Operation 1 Month 
Bilirubin 
(mg/dl) 0:3. 3: 0.) 13 x 0.3 4.3 — 0.8 0.4 + 0.1 
SGOT 
(I.U./L) 360 £14 112: 51 3.4 © 0.7 28 + 6 
Alkaline Phos- 
phatase 
(1.U./L) 238 + 53 366 + 64 5.9 20.7 631 + 37* 





* Patient No. 4 had alkaline phosphatase of 19801.U./L at 1 month, 
related to biliary surgery. 


PANCREATECTOMY AND ISLET AUTOTRANSPLANTATION 





s 
i 

"^ 
y. 


Lj 


months; she is now more than two years after trans- 
plantation and has been receiving 10— 12 units of insulin 
daily for the past 11 months. Insulin withdrawal for 
72 hours at two years did not result in ketosis. 

Three patients (4, 7, and 9) are receiving 23, 30 
and 15 units at ten, nine, and four months. All have 
been tested by insulin withdrawal for 72 hours, and 
they did not become ketotic. One of these (#7) did not 
require insulin at three weeks after transplantation, 
but after reoperation for bleeding he became hyper- 
glycemic and has required insulin since that time. 


TABLE 5. Summary of Current Status of Ten Patients with Chronic 
Pancreatitis Treated with Total or Near Total Pancreatectomy 
and Intraportal Islet Autotransplantation 


Three patients, insulin independent 
1 completely normal glucose tolerance — ^3 years 
2 with mild metabolic abnormalities — 1 & 8 months 


One patient, insulin independent for 15 months, now on 12 
units/day; ketosis resistant on insulin withdrawal— 
2 years 


Three patients, require 15—30 units insulin/day, ketosis 
resistant on insulin withdrawal —4-9 months 


Two patients, require 35 and 60 units, not yet tested by insulin 
withdrawal—both 9 months 


One patient, died 10 days postoperatively, viable islets in the liver 


Summary: All 9 survivors relieved of pain 
Islet transplant results Excellent in 1, Good in 2, 
Fair in 4, and Poor in 2 
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TABLE 6. Urinary C-Peptide Excretion (nMol/24 hrs)* Before and 
After Pancreatectomy and Islet Autotransplantation 
in Patients with Chronic Pancreatitis 








Patient Preoperative Posttransplant 
l — 3 years 
9.2 + 2.0 (n = 3) 
3 3 mos | year 2 years 
26.6 + 8.6 5.3 * 1,1 4.7+ 0.8 5.0 + 2.6 
(n = 5) (n = 5) (n = 4) (n = 5) 
4 ] mo 4 mos 
GLSI 5,9 4 13 4.3 + 2.1 
(n = 4) (n = 10) (n = 4) 
6 1 mo 2 mos 
24.5 + 8.1 7.9 3.2 
(n = 9) (n = 1) (n = I) 
7 2 wks 2 mos 6 mos 
6.8 + 4.1 4,3 * L8 0.5 += 0.2 0.6 + 0.3 
(n = 3) (n = 5) (n = 4) (n = 7) 
8 4 mos 
39.4 + 17.4 13.8 + 2.2 
(n — 4) (n = 5) 
9 | wk 6 wks 4 mos 
9.3 € 8.5 9.1+ 0.8 55340 6.6 
(n = 4) (n = 2) (n = 8) menn 
10 | wk 
6.1 + 3.2 94+ 3.9 
(n = 3) (n = 2) 


* Mean + SD. Normal: 19.1 + 10.4 (n = 10). Range: 8.4-35.3. 


The other two patients (#5 and 6) are receiving 60 
and 35 units of insulin at nine months. They have 
not been tested by insulin withdrawal. 
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The patients who require insulin and who are ketosis 
resistant have some islet function, as determined by 
urinary C-peptide'? measurements (Table 6). In these 
patients (#3, 4, 7 and 9) urinary C-peptide secretion 
rates are well above those seen in patients with juvenile 
onset diabetes. Urinary C-peptide measurements are 
higher, however, in the patients who do not require 
insulin (1, 8 and 10). 

The results of other metabolic studies in individual 
patients are summarized in their case histories. 


Case Reports 


Patient 1. A detailed case history?? and the results of metabolic 
studies up to two years after pancreatectomy and islet autotrans- 
plantation in this 39-year-old woman have previously been pub- 
lished.?* Glucose tolerance tests at three weeks, eight months and 
three years, have been normal (Fig. 5). She had hyperinsulinemia 
before pancreatectomy (up to 224 U/ml during glucose tolerance 
testing) and islet hyperplasia was found after excision of the pancreas 
(Fig. 4). This fortuitous circumstance may account for the good 
outcome in her case. 

Patient 2. This 35-year-old alcoholic male died ten days after 
pancreatectomy and islet autotransplantation from a perforated 
colon. Islets were found in the liver, as previously described." 

Patient 3. Some of the details on this 57-year-old nonalcoholic 
patient during her first 15 months after pancreatectomy and islet 
autotransplantation have previously been published. Plasma 
glucose levels during the first four months ranged from 92 to 169 
mg/dl (mean: 113 + 21 mg/dl). Between five and 14 months glucose 
levels ranged from 120 to 274 (mean: 184 + 33 mg/dl). Glucose 
tolerance tests over this period showed some deterioration in carbo- 
hydrate metabolism.” At 15 months she was started on exogenous 
insulin so that plasma glucose levels could be maintained within a 
normal range,?* and she currently takes 12 units per day. However, 


After Pancreatectomy and 
Islet Autotransplantation 


3 years 


Fic. 5. Results of glucose 
tolerance tests before and 
three years after pancre- 
atectomy and islet auto- 
transplantation in Patient 
No. 1. 
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. ‘there has been no further deterioration of islet function and the 


-_ 


. glucose tolerance test at two years (performed during a period of 
insulin withdrawal) was essentially the same as one performed at one 


year (Fig. 6). Urinary C-peptide excretion has also remained con- 
stant. Interestingly, in the tests performed at two years C-peptide 
excretion increased when insulin was temporarily withdrawn (2.89, 
4.22 and 2.52 mm/24 hrs on insulin and 7.17 and 8.24 mm/24 hrs 
off of insulin). 

Patient 4. This 46-year-old woman had chronic pancreatitis as- 
sociated with cholelithiasis and choledocholithiasis. Multiple small 
and large cysts of the pancreas were found at the time of the chole- 
cystectomy and common bile duct exploration in March, 1979. That 
operation did not relieve her pain. A T-tube was left in her common 
duct and a cholangiogram showed a stricture of the bile duct where it 
passed through the pancreas (Fig. 7A). Computerized axial tomog- 
raphy of the abdomen demonstrated multiple cystic lesions in the 
pancreas (Fig. 7B). She had mild glucose intolerance before her 
operation (plasma glucose of 157 mg/dl at three hours after ingestion 
of 50 g of glucose). At the time of pancreatectomy and islet auto- 
transplantation, an attempt was made to perform a plastic repair of 
the bile duct stricture over a long armed T-tube. She developed 
partial necrosis of the duodenum and one month later a duodenec- 
tomy, choledochojejunostomy, and gastrojejunostomy were per- 
formed. She was discharged home on 27 units of insulin daily, but 
since that time it has been reduced to 23 units. Serum C-peptide 
levels** have ranged from 1.7 to 3.2 ng/ml (in patients with juvenile 
diabetes, serum C-peptide levels are less than 1.0 ng/ml). Urinary 
C-peptide excretion rates at one and four months were the same or 
slightly less than preoperative values and well above the excretion 
rates of patients with juvenile diabetes (Table 6). Serum and urinary 
beta-hydroxybuturate levels did not rise during insulin withdrawal 
at four months. 

Patient 5. This 29-year-old man had recurring attacks of pancreati- 
tis over a three-year period and underwent a 7066 pancreatectomy 
in January of 1978. He continued to have pain after this operation. 
He had mild glucose intolerance (plasma glucose 170 mg/dl two 
hours after ingestion of 50 gm of glucose). He did not have a sus- 
tained increase in plasma insulin after pancreatectomy and islet auto- 
transplant and has required insulin since the operation. He was dis- 
charged one month after the operation. We have not seen him since 
he returned home to California, and we have not been able to perform 
metabolic studies. He had a gastrojejunostomy performed because 


- of a duodenal stricture after he returned home. When last seen by us 


he required 35 units of insulin per day. 

Patient 6. This 24-year-old man had chronic pancreatitis since age 
16 secondary to alcohol. He had been hospitalized over 40 times 
because of abdominal pain. He had mild glucose intolerance (plasma 
glucose 162 at one hour and 149 at two hours after ingestion of 
50 g glucose). After pancreatectomy he had some initial evidence 
of islet function according to urinary C-peptide data (Table 6) and 
received only 18 units of insulin daily. However, within three months 
he had an increase in insulin requirements and currently takes 60 
units daily. The insulin content of the tissue transplanted to this 
patient was the lowest in the entire series. He has not returned 
for metabolic studies. 

Patient 7. This 32-year-old man had chronic pancreatitis, originally 
on an alcoholic basis, but had stopped drinking with no relief of 
pain. He had mild glucose intolerance (plasma glucose 206 mg/dl 
two hours after ingestion of 50 g of glucose). The insulin content of 
the transplanted tissue was also small (Table 2). Nevertheless, he had 
a good initial response as indicated by his need for little or no insulin 
(0-6 units/day) and by his urinary C-peptide excretion during the 
first three weeks after operation (Table 6). At three weeks he bled 
after removal of the T-tube. After re-exploration and liga- 
tion of an arterial bleeder, he required insulin. Subsequent urinary 


PANCREATECTOMY AND ISLET AUTOTRANSPLANTATION 


Plasma Glucose mg/dl 


535 


500 


100 





O 


Glucose 
Adm. 


360 


#1530 60 90 120 150 180 


240 300 


Minutes 


Fic. 6. Results of oral glucose tolerance tests after pancreatectomy 
and islet autotransplantation in Patient No. 3. At one year she was 
not receiving insulin. She was temporarily withdrawn from insulin 
for the glucose tolerance test at two years. There was no apparent 
deterioration in islet function during that interval. 


C-peptide measurements showed a marked decrease in C-peptide 
excretion. However, his C-peptide excretion rate is still higher than 
that of patients with juvenile diabetes. During a 48-hour period of 
insulin withdrawal in January 1980, he did not become ketotic and 
urinary excretion beta-hydroxybuturate was only 0.3 mMol/L over 
the last 24 hours. Currently he takes 30 units of insulin daily. 

Patient 8. This 27-year-old woman developed pancreatitis after a 
cholecystectomy in 1975. Although she did not have a dilated duct, 
in 1977 a sphincteroplasty was performed at another hospital with 
no relief of her pain. She had normal glucose tolerance (plasma 
glucose 103 mg/dl two hours after ingestion of 50 g glucose). After 
pancreatectomy and islet autotransplantation, she required insulin 
only during the early posttransplant period and while she was on 
hyperalimentation. She had abnormal glucose tolerance test results five 
months after the operation (Fig. 8). However, urinary C-peptide 
secretion was relatively high (Table 6). She does not require exoge- 
nous insulin. 

Patient 9. This 41-year-old man had chronic pancreatitis secondary 
to alcohol and has been hospitalized repeatedly during the past five 
years. A pancreatic abscess ruptured into the colon (1976) and an 
ileostomy was done at the time of drainage. This was repaired in 
1977, but he continued to have pancreatitis and at the time of ad- 
mission to the University of Minnesota he could not tolerate oral 
feedings. An I.V. glucose tolerance test was abnormal and showed 
a peak glucose value of 385 mg/dl at 15 minutes; and the potassium 
value was — 1.3%. At the time of pancreatectomy and islet auto- 
transplant, an abscess in the head of the pancreas was discovered. 
This portion of the pancreas was not used for islet tissue preparation. 
He has received insulin since pancreatectomy, but the dose has 
gradually been reduced to 15 units daily. Insulin withdrawal for 72 
hours at one month resulted in no increase in serum or urinary 
beta-hydroxybuturate. Urinary C-peptide excretion is only slightly 
less than before pancreatectomy and islet autotransplant (Table 6). 

Patient 10. This 36-year-old man had pancreatitis for four years, 
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FiG. 7A. Patient No. 4. T-tube cholangiogram after her cholecystec- 
tomy and common bile exploration. Note stricture of intrapancre- 
atic portion of the bile duct. Small pancreatic duct is barely visualized. 


probably related to alcohol. In December of 1978 a retrograde pan- 
creaticoductogram showed an obstruction of the midpancreatic duct, 
and he underwent a distal (30%) pancreatectomy and Roux-en-Y 
pancreaticojejunostomy. His pain was not relieved, and he required 
several hospitalizations for treatment of pancreatitis. He had a nearly 
normal glucose tolerance test, with a peak glucose value of 166 
mg/dl and a two-hour value of 129 mg/dl. On March 24, 1980 a pan- 
createctomy was performed with preservation of a small portion of 
the uncinate process. Urinary C-peptide excretion at one week after 
the operation was unchanged from the preoperative rate (Table 6). 
He is insulin independent one month after operation. 


Discussion 


Surgery for chronic pancreatitis must be individ- 
ualized to fit the pathology of the patient and the 
pancreas.*!*95? The primary objective of surgery for 
chronic pancreatitis is to relieve pain. Procedures that 
do this and still preserve pancreatic function are the 
first choice. The indications for total or near total pan- 
createctomy are involvement of the entire pancreas, a 
small duct or a failure of other procedures, and the 
willingness to accept diabetes for relief of pain. 

A 95% pancreatectomy for treatment o^ chronic pan- 
creatitis was first described by Barret and Bowers.” 
The operation has been used by many surgeons since 
that time,?:!*?*?» although the largest experience has 


NAJARIAN AND OTHERS 


Ann. Surg. e October 1980 


been at the University of Michigan.?^?"!! The inci- 
dence of diabetes after this operation is virtually 100%, 
although this figure cannot be precisely derived from 
the literature since all reports do not separate the 
patients undergoing 80 to 95% pancreatectomy from 
those undergoing >95% pancreatectomy. 

Since diabetes is inevitable, the only advantage of a 
95% pancreatectomy over a total pancreaticoduode- 
nectomy are elimination of the needs for intestinal and 
biliary anastomosis, and preservation of the duodenum. 
Preservation of the duodenum significantly reduces 
fecal fat loss after pancreatectomy,'? and is worthwhile. 

The concept that diabetes induced by pancreatectomy 
is not as severe a disease as idiopathic juvenile onset 
diabetes is probably not correct.?* Patients with dia- 
betes after pancreatectomy rapidly become hyper- 
glycemic and develop ketosis if insulin is withdrawn. ! 
In addition, they will develop the secondary complica- 
tions of diabetes if they live long enough.’ The most 
serious complications of diabetes in individuals pan- 
createctomized because of chronic pancreatitis, how- 
ever, are in those with an alcoholic origin. They are 
usually noncomplying patients or they manage their di- 
abetes poorly, and hypoglycemia from insulin reactions 
are as much a threat as ketoacidosis.’ 

Patients who requiré total or near total pancreatec- 
tomy could greatly benefit if diabetes could be pre- 
vented by selective preservation of endocrine tissue. 
One alternative is to transplant the tail of the pancreas 
as an immediately vascularized graft with anastomosis 
of the splenic vessels.'^?? Although exocrine tissue re- 
main intact with this operation, it is completely de- 
nervated, and in the few cases reported it has apparently 
caused no problem in its heterotopic position. The other 
alternative is to transplant dispersed pancreatic islet 
tissue as a free graft.?? 

Islet transplantation is highly successful in various 
animal models,?' and one of our major interests has 
been the development of this technique for the treatment 
of human diabetes. Our efforts to reverse diabetes by 
allotransplantation as either purified human islets?* or 
by intraportal transplantation of unpurified dispersed 
pancreatic islet tissue have been unsuccessful.?" We 
were unsure if the failure to ameliorate diabetes was 
due to technical failures or secondary to allograft re- 
jection. We hoped that islet autotransplantation after 
pancreatectomy would clarify this situation, since in 
these cases immunological rejection would not occur 
(unless as an autoimmune response against unmasked 
antigens). 

Unfortunately, autotransplantation of dispersed pan- 
creatic tissue prepared from patients with chronic pan- 
creatitis may not allow us to answer the question. Mehi- 
gan et al.” have shown that autotransplantation of 
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Fic. 7B. Computerized axial tomogram of Patient No. 4 
showing multiple cysts throughout the pancreas. 


dispersed pancreatic islet tissue, prepared by collage- 
nase digestion from the pancreases of dogs with chronic 
pancreatitis induced by prior duct ligation, will obviate 
diabetes in only a small percentage of totally pancreatec- 
tomized recipients; while in normal dogs, diabetes is 
almost always obviated by autotransplantation prepared 
by collagenase dispersal after total pancreatectomy. 
Various alterations in collagenase digestion conditions 
did not improve the results in the experiments of Mehi- 
gan et al.” 

Since there are no indications for pancreatectomy 
and islet autotransplantation in patients with a normal 
pancreas (except, perhaps, for trauma), with the cur- 
rent status of immunosuppressive therapy we will prob- 


ably not be able to work out the optimal conditions for 


preparation of human islets by assessing in vivo func- 
tion independent of rejection. 
In the experiments of Mehigan et al., the fact that 
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they did succeed in ameliorating diabetes in a few dogs 
after excision of a diseased pancreas and islet auto- 
transplantation, shows the potential for autotransplan- 
tation in patients with chronic pancreatitis who require 
pancreatectomy. However, the success rate will prob- 
ably be low, until more effective techniques for libera- 
tion of the islets from fibrotic pancreases are developed. 

Nevertheless, the procedure of islet autotransplanta- 
tion is worthwhile in patients undergoing total and near 
total pancreatectomy, if the facilities for pancreatic islet 
tissue preparation are available. We encountered no 
serious complications from the islet transplant proce- 
dure itself. In three of our ten patients the need for 
exogenous insulin has been obviated. One patient died 
of complications independent of the islet transplant and 
in this patient islets were found in the liver. In the 
other six patients, four have a mild, nonketosis prone 
diabetes; serum C-peptide levels and urinary C-peptide 


Before 


Plasma Glucose (mg/d!) 


30 60 120 180 
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excretion definitely indicate the presence of function- 
ing islets. Studies of patients with spontaneous diabetes 
have shown that those with C-peptide levels indicating 
some endogenous beta cell function are more stable, 
easier to manage, and less prone to complications than 
those with undetectable C-peptide.?5 

In our patients, the evidence that it is the transplanted 
islets that are functioning and not the islets in whatever 
residual pancreatic tissue that remains is circumstantial; 
although one of our patients had a duodenectomy (#4) 
and almost certainly has no remnant. Cameron et al. 
however, at Johns Hopkins University, have reported 
on one of their cases of pancreatectomy and islet auto- 
transplantation. They have direct evidence of function 
of the transplanted islets. Selective measurement of in- 
sulin and glucagon levels in the portal and hepatic veins 
following intravenous glucose stimulation definitely 
showed hormone secretion from the liver at four months 
after operation. The pancreatic remnant probably made 
some contributions to glucose homeostasis, since in- 
sulin levels were still higher in the portal than in the 
hepatic veins. It may be that islet autotransplantation 
will obviate the need for exogenous insulin in the situa- 
tion where either the transplanted islets or pancreatic 
remnant by themselves would not be adequate. 

In the particular case of Cameron et al.,* the patient 
suddenly became diabetic at six months and required 
exogenous insulin. They have seen the same phenom- 
enon of sudden loss of islet function in three other 
patients, but they also have three patients who are 
more than one year since pancreatectomy and islet 
autotransplantation who do not require insulin (Cameron 
et al., personal communication). We have also seen 
late deterioration of islet function after islet autotrans- 
plantation, although its occurrence has not been as 
dramatic as that observed by Cameron et al.* In one 
of our patients (#3), a moderate elevation of plasma 
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After 


Fic. 8. Results of oral glu- 
cose tolerance test in Patient 
No. 8 before and five months 
after pancreatectomy and 
intraportal islet autotrans- 
plantation. The results after 
transplantation are not nor- 
mal, however, she does not 
require insulin. 


3O 60 120 180 


glucose occurred at four months and glucose tolerance 
test results gradually deteriorated. In the other case 
(#7), insulin was required after reoperation for bleed- 
ing at three weeks. The reasons for deterioration in 
these cases is not clear, but it may be that an inade- 
quate islet mass was grafted and islet function became 
exhausted, or fibrosis and scarring, already induced 
in the islets by the chronic pancreatitis, continued after 
islet autotransplantation. 

Mehigan et al.” have also reported the occurrence 
of severe portal hypertension and disseminated intra- 
vascular coagulation (DIC) in one patient undergoing 
intraportal islet autotransplantation. Experiments in 
dogs show that this phenomenon was probably due to 
the presence of tissue thromboplastin in the pancreatic 
islet tissue homogenate and that this complication could 
be prevented by addition of heparin and aprotinin (Tra- 
sylol*) to the tissue preparation. We have routinely i 
heparinized our patients prior to islet autotransplanta- 
tion. Although elevations of portal pressure have oc- 
curred during pancreatic islet tissue infusion in our pa- 
tients, we have not seen DIC in our islet autotransplant 
recipients. We also have not observed this phenome- 
non in 18 attempts of human islet allotransplantation,?*-9 
although marked, but transient, portal hypertension 
occurred in one case.?’ 

Islet autotransplants after total pancreatectomy have 
also been performed in four patients at the University 
of California in Los Angeles (Traverso and Longmire, 
personal communication). They were unsuccessful in 
obviating diabetes. In addition to portal hypertension, 
they observed transient systemic hypotension in three 
patients during tissue infusion.?! Again, we have not 
observed this phenomenon in any of our autograft or 
allograft recipients. The reasons for these differences 
are not clear. 

In summary, we have had experience with intraportal 
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. * islet autotransplantation after total or near total pan- 


createctomy in ten patients with chronic pancreatitis. 
Our initial case was the most successful.?* The com- 
plete obviation of diabetes in this patient led us to hope 
that the procedure would allow us to broaden the indica- 
tions for extensive pancreatectomy to relieve pain, and 
to avoid reoperation because of the relatively high 
failure rate with other procedures. However, with our 
larger experience it is apparent that we cannot predict 
that diabetes will be prevented. Preparation of islets 
from diseased pancreases is difficult. The indications 
for total or near total pancreatectomy remain the same. 
The surgeon and the patient must be willing to accept 
diabetes for relief of pain. Islet autotransplantation 
should still be done; it may obviate the need for exog- 
enous insulin or lessen the severity of diabetes, but 
it is a bonus and not a guarantee. 


Acknowledgments 


Drs. James Cohen and Charles Morrow contributed to the retro- 
spective analysis on the patients undergoing pancreatectomy without 
islet autotransplantation. Drs. Daniel Dunn and Caliann Lum made 
significant contributions to the care of the patients undergoing islet 
autotransplants. The Clinical Research Center staff performed the 
metabolic studies on these patients. Beryl Greenberg and Reynold 
Francis performed the insulin and C-peptide assays on blood and 
urine samples from the patients. Phyllis Gorecki, Julie Hustad, Jane 
Field, Anne Lowe, Darlene McMannus, Elizabeth Frenzel, June 
Eckhardt and Marie Wiklund helped with the preparation of human 
islet tissue and performed the analyses of tissue insulin and amylase 
content. Mary Brozic and Jerry Vincent prepared the illustrations. 
Michelle Gahlon, Janet Sanders and Kathryn Thompson prepared the 
tables and manuscript. 


References 


1. Barnes AJ, Bloom SR, Albert KGMM, et al. Ketoacidosis in 
pancreatectomized man. N Engl J Med 1977; 296:1250. 

2. Barret O, Bowers WF. Total pancreatectomy for chronic re- 
lapsing pancreatitis and calcinosis of the pancreas. US Armed 
Forces Med J 1957; 8:1037. 

3. Brausch JW, Vito L, Nugent FW. Total pancreatectomy for 
end-stage chronic pancreatitis. Ann Surg 1978; 188:317. 

4. Cameron JL, Mehigan DG, Harrington DP, Zuidema GD. 
Metabolic studies following intrahepatic autotransplantation 
of pancreatic islet grafts. Surgery 1980; 87:347. 

5. Child CG, Frey CF, Fry WJ. A reappraisal of removal of ninety- 
five percent of the distal portion of the pancreas. Surg Gynecol 
Obstet 1969; 129:49, 

6. Dobroschke J, Schwemmle K, Langhoff G, et al. Auto-trans- 
plantation von langerhausschen inselin noch totale duodeno- 
pankreatektomie gei emem patientes mit chronischen pan- 
creatitis. Dtsch Med Wschr 1978; 103:1905. 

7. Doyle AP, Balcerzak SP, Jeffrey WL. Fatal diabetic glomerulo- 
sclerosis after total pancreatectomy. N Engl J Med 1964; 270: 
623. 

8. Frey CF. The operative treatment of pancreatitis. Arch Surg 1969; 
98:406. 

9. Frey CF. 95% pancreatectomy. Jn Carey LC (ed) The Pancreas, 
St. Louis, C. V. Mosby Co. 1973. p. 202. 

10. Frey CF, Child CG, Fry W. Pancreatectomy for chronic pan- 
creatitis. Ann Surg 1976; 184:403. 

11. Fry WF, Child CG. Ninety-five percent distal pancreatectomy 
for chronic pancreatitis. Ann Surg 1968; 162:543. 


PANCREATECTOMY AND ISLET AUTOTRANSPLANTATION 


12 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


2h 


28. 


29. 


30. 


AL, 


32. 


33. 


34. 


35. 


36. 


539 


Goetz FC, Greenberg BZ, Ells J, Neinert C. A single immuno- 
assay for insulin: Application for human and dog plasma. J 
Clin Endocrinol Metab 1963; 23:1237. 


. Griffen WO. Metabolic complications of pancreatectomy. In 


Buchwald H, Varco RC (eds) Metabolic Surgery, New York, 
Grune and Stratton, Inc. 1978. p. 111. 


. Grodinsky C. Surgical treatment of chronic pancreatitis. Arch 


Surg 1980; 115:545. 


. Hogle HH, Reemtsma K. Pancreatic autotransplantation fol- 


lowing resection. Surgery 1978; 83:359. 


. Horowitz DL, Rubenstein AH, Katz AI. Quantitation of human 


pancreatic beta cell function by immunoassay of C-peptide 
in urine. Diabetes 1977; 26:30. 


. Jamieson AD, Pruett KM, Caldwell RC. An improved amylase 


assay. J Dent Res 1969; 48:483. 


. Kretschmer GJ, Sutherland DER, Matas AJ, et al. Autotrans- 


plantation of pancreatic islets without separation of exo- and 
endocrine tissue in totally pancreatectomized dogs. Surgery 
1977; 82:74. 


. Kretschmer GJ, Sutherland DER, Matas AJ, et al. Autotrans- 


plantation of pancreatic fragments for the portal vein and 
spleen of totally pancreatectomized dogs: A comparative 
evaluation. Ann Surg 1978; 187:79. 

Matas AJ, Sutherland DER, Steffes MW, Najarian JS. Short 
term culture of adult pancreatic fragments for purification 
and transplantation of islets of Langerhans. Surgery 1976; 
80:183. 

Matas AJ, Sutherland DER, Steffes MW, Najarian JS. Islet 
transplantation. Surg Gynecol Obstet 1977; 145:757. 

Mehigan DG, Bell WR, Zuidema GD, et al. Disseminated intra- 
vascular coagulation and portal hypertension following pan- 
creatic islet autotransplantation. Ann Surg 1980; 191:287. 

Mehigan DG, Zuidema GD, Eggleston JC, Cameron JL. Pan- 
creatic islet autotransplantation results in dogs with chronic 
duct ligation. Am J Surg 1980; 139:170. 

Melani F, Rubenstein AH, Oyer PE, Steiner DF. Identification 
of proinsulin and C-peptide in human serum by a specific 
immunoassay. Proc Natl Acad Sci USA 1970; 67:148. 

Mirkovitch V, Campiche M. Successful intrasplenic autotrans- 
plantation of pancreatic tissue in totally pancreatectomized 
dogs. Transplantation 1976; 21:265. 

Molnar G, Cramer G, Moxness K, et al. Insulinogenic reserve 
in unstable and stable diabetics and normal subjects. Jn Bal- 
linger and Brechner (eds). Endocrine and Enzymes in Anes- 
thesiology, Springfield, Charles C Thomas, 1973. p. 167. 

Najarian JS, Sutherland DER, Matas AJ, Goetz FC. Human 
islet autotransplantation following pancreatectomy. Trans 
Proc 1979; 11:336. 

Sutherland DER, Matas AJ, Goetz FC, Najarian JS. Trans- 
plantation of dispersed pancreatic islet tissue in humans: auto- 
grafts and allografts. Diabetes 1980 (Suppl. 1); 29:31. 

Sutherland DER, Matas AJ, Najarian JS. Pancreatic islet cell 
transplantation. Surg Clin North Am 1978; 58:365. 

Sutherland DER, Matas AJ, Steffes MW, Najarian JS. Infant 
human pancreas: a potential source of islet tissue for trans- 
plantation. Diabetes 1976; 25:1123. 

Torres LE, Traverso LW, Sohn YZ. Intraoperative hemodynamic 
changes in patients undergoing pancreatic autotransplanta- 
tion. Anesthesiology (in press). 

Tosatti E, Valente U, Campisi C. Pancreatic autotransplanta- 
tion in man following 95% pancreatectomy for recurrent pan- 
creatitis. Surgery in Italy 1979; 9:122. 

Warren KW. Surgical management of chronic relapsing pan- 
creatitis. Am J Surg 1969; 117:24. 

Warren WD, Leite CA, Boumeister F, et al. Clinical and 
metabolic response for radical distal pancreatectomy for 
chronic pancreatitis. Am J Surg 1967; 113:77. 

Weiland DE, Kuntz DJ, Kimball HW. Subtotal pancreatectomy 
for chronic pancreatitis. Am J Surg 1969; 118:973. 

Whitfield AGW, Crane CW, French JM, Bagley T J. Life without 
a pancreas. Lancet 1965; 1:675. 


540 


DISCUSSION 


Dr. RICHARD E. WILSON (Boston, Massachusetts): | would like 
to stress two aspects of the problem of the management of patients 
with chronic pancreatitis using this technique. The first is that the 
islet cell population will be reduced in almost all of these patients. 
As you know, many become diabetic spontaneously, and many have 
had many operations, so that what you have left when you finally 
go to remove the last portion of the pancreas is only a small part 
of what you started with. 

In addition, the tissue is hard to extract. As Dr. Najarian said, 
"]t's very dense." If you use too long an extraction. of course, 
you lose the islets; the collagenase will damage it. Everything is 
dependent on the right timing. Finally, when you get a poor suspen- 
sion, you are worried about inoculating it into the portal vein, be- 
cause there are problems with portal hypertension. 

I shall relate one situation with which my associates and I dealt 
because I think the members of the Association might like to know 
about this concept. About a year ago, we had a patient upon whom I 
had performed about three or four previous operations over seven 
or eight years for pancreatitis. The patient was still symptomatic. 
She was taking narcotics—the usual story. She was not yet a clinical 
diabetic, but her insulin levels were low. Dr. Chick, at the Joslin 
Clinic, was working with us on this patient. We were prepared to 
transplant her islets. We did a full, total pancreatectomy with 
duodenectomy, removing all of the residual pancreas. It was heavily 
calcified fibrotic. Then Dr. Chick took the specimen. We put a cathe- 
ter in the portal vein, waiting for him to return to the operating 
room with this nice cellular suspension. Instead he came back with a 
tube which looked like a milkshake, with a lot of chunks in it, and 
we realized there was no way we could insert this into the por- 
tal system; and the spleen was gone from the previous distal 
pancreatectomy. 

So, instead, we opened the leaves of the mesentery, and inserted 
through an asepto syringe about 150 ml of this material through 
two leaves of the mesentery of the small intestine and then sewed 
the mesentery closed. A year after operating this woman has normal 
dietary habits. She takes about 10-15 units of pork lente insulin a 
day. She has had C-peptides in her urine consistently postopera- 
tively. She had gained about 25 Ib and is pain-free. 

I submit that the concept of placing the islet suspension into the 
mesentery of the small intestine may solve several of the problems 
that we might have to deal with in these patients. It is safe, and 
there is no risk of portal hypertension. It does allow the insulin to 
go into the portal watershed, which is apparently what we want 
to accomplish. 

I offer this to you as a possible solution to some of these problems. 


DR. GEORGE L. NARDI (Boston, Massachusetts). Over the past 
2V5 years, with the help of Drs. Cosimi and Russell of our trans- 
plantation group, we have seen eight patients suitable, we thought, 
for this type of procedure. Actually, for technical reasons, a trans- 
plant could not be done in three of the patients. Either an abscess 
or so much calcification was found that we could not get enough 
islets. The procedure was accomplished in five patients. 

(slide) We have performed a total pancreaticoduodenectomy on 
our patients. I do not know if it is really necessary or not, but it 
is certainly a more complete operation. We have also infused the 
preparation of islet cells into the umbilical vein rather than the 
mesenteric vein, and we have not administered heparin to our pa- 
tients. We have differed only in those small details. 

It has been 26 months since we operated on our first patient. She 
had had three prior operations and only had a nubbin of the head 
of the pancreas left. Obviously, there were not enough islet cells 
to do too much, but she is getting along well, has stopped taking 
meperidine, is taking care of her family and requires 22 units of 
insulin a day. 

This particular patient had such a small amount of pancreatic 
tissue that we put the islet cell suspension into the subcutaneous 
tissue of her arm. We were able to get some insulin differentials 
by assaying the vessels in the axilla. All the other implants have 
been put into the portal system. 
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The second patient was a young woman from out of state. She 
died of inanition and malnutrition just a few weeks before I came 
down here, and I am sure it was the result of a combination of 
the total pancreatectomy and, perhaps, not the best medical care. 
She lived in a rural area. 

The third patient weighs 76 lb and requires 14 units of insulin 
a day. All three of these patients had total pancreatectomies. In 
none have we been successful in totally preventing diabetes. Per- 
haps we may have modified it. 

The last two patients we operated on had distal pancreatectomies. 
We thought, **Why throw the islets away, and end up in the same posi- 
tion we did with our first patients?" So we did what we might call 
a prophylactic implantation of islet cells, feeling that the course of 
this disease usually will result in the patients returning for a total 
pancreatectomy, and then we could have the maximum yield volume 
of islets to transplant and be more effective in our efforts. 

I hope that continuing efforts will indeed make it possible to control 
diabetes in this group of patients. Too often, total pancreatectomy 
relieves the pain but results in severe disability and malnutrition. 
If we can control diabetes surgically perhaps the quality of life of 
the patient will justify the surgeon's technical skills. 


DR. L. WiLLIAM TRAVERSO (Los Angeles, California): The Uni- 
versity of Minnesota has been in the forefront of the science of 
transplantation in general, and it is only fitting that on Valentine's 
Day, 1977, they performed the first human pancreatic autotransplant, 
after 9576 distal pancreatectomy, applying a modification of the 
method of Mirkovitch, from Switzerland. Mirkovitch's original 
method involved the intrasplenic placement of a mixed cellular pan- 
creatic suspension derived from collagenase digestion. 

In the human application in Minnesota, however, the mixed cel- 
lular suspension was placed into the portal vein, not the splenic 
parenchyma. Herein lies the origin of one of our major difficulties 
at UCLA with this technique. 

Encouraged by the transplantation at Minnesota, and after per- 
fection of our own canine model which was routinely successful, 
we soon performed our first transplantation, after total pancreatico- 
duodenectomy, in November of 1977. Subsequently, we performed 
a total of four such transplants, all with total pancreaticoduodenec- 
tomy. The major problem has been twofold: our inability to place 
the entire graft back into the recipient because of a severe drop 
in systemic blood pressure associated with portal hypertension. 

(slide) This slide shows the hypotensive reaction occurring in one 
of our human transplants 30 seconds after beginning a slow infusion 
into the portal vein. This reaction occurred in every human trans- 
plant that we have performed and also every canine intraportal 
transplant. 

We then began an extensive evaluation of this vascular response 
in the dog, pig, and monkey. The reaction occurs in all of these 
animal species. (slide) This slide shows the change before and after 
infusion in an intraportal injection into the dog. Here the hatched 
line is the total peripheral resistance, as it falls, statistically sig- 
nificant from that of the baseline value. Here the portal venous 
resistance markedly increases approximately three minutes after the 
initial drop in blood pressure. 

This response was very concerning to us, and it has been one of 
the reasons that we have had not as good success as the University 
of Minnesota, in that we were not able to place the entire graft 
into the patient because of the marked drop in blood pressure. 

Another problem that we have had is the extent of fibrosis from 
chronic pancreatitis and the subsequent compromise in endocrine 
function, as has been elucidated by the previous discussants and 
Dr. Najarian. 

(slide) This slide is derived from data that Dr. Sutherland at Min- 
nesota so graciously sent to me, and it compares the insulin re- 
sponse with that of the glucose response during a glucose tolerance 
test in Minnesota's first transplant. The insulin response is brisk, 
and at 60 minutes is near 200 units. The glucose response is normal. 

(slide) This is our second patient, on the same scale as that drawn 
on for the University of Minnesota's first patient, with a normal 
glucose response, but when the insulin levels came back we had a 
meager, if any, response in insulin. We really did not know what 
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this meant. This patient underwent transplantation (slide), and note 
here that we were only able to put 50% of the gland back in this 
"patient because of the portal hypertension problem. The study that I 
show here was obtained 16 days after the operation measuring levels 
of insulin in the vena cava below and above the liver. Here we have 
10 units per ml below the liver in the vena cava, and 15 units per 
ml above the liver, suggesting that there is, indeed, some production 
of insulin from the transplanted pancreatic tissue in the liver after 
total pancreaticoduodenectomy. 

We then gave the patient some orange juice to drink while he was 
still on the table, and 30 minutes later obtained a level of insulin 
below the liver of 13 units per ml and above the liver of 23 units 
per ml indeed suggesting that there was preserved function from this 
calcified gland that we had transplanted into the liver. However, 
subsequently this patient went on to require insulin, 20 units per day. 

In summary, we are facing two problems. Although every trans- 
plant group has not experienced this vascular action, we are con- 
tinually and persistently being reexposed to it. The first problem, 
therefore, is to be able to place the entire graft back into the pa- 
tient. The second problem is to apply the technique before the 
gland is compromised into a calcified, fibrotic islet cell mass. 


DR. JoHN L. CAMERON (Baltimore, Maryland): My associates and 
I also have been interested in 9596 pancreatectomy and islet auto- 
transplantation and have performed this procedure on eight patients 
over the last two years. 

(slide) One of the difficulties that we have all had in trying to 
evaluate our successes has been trying to prove to others that, indeed, 
the patients do not require insulin because of islets alive and func- 
tioning in the liver, and not because of the remnant that is invariably 
left behind in the duodenal C-loop. In an attempt to prove that we 
definitely had functioning islets in our successful transplants, we 
performed catheterization studies. A catheter is passed percutane- 
ously into the portal vein so that a small bolus of glucose to stimulate 
islets in the liver can be infused. This glucose should not stimulate 
the remnant in the C-loop; also catheters are placed percutaneously 
into the right and left hepatic veins, so that we might sample the 
effluent from the liver, trying to detect increased levels of insulin 
output from the stimulus of the glucose placed into the portal vein. 
At time 0, glucose was placed into the portal vein. Throughout the 
next ten minutes the portal vein insulin level remained constant, 
suggesting that we were not stimulating the islets in the duodenal 
pancreatic remnant. During this time, however, insulin output from 
the left hepatic vein doubled, from the right hepatic vein quadrupled, 
and this more than doubled peripheral insulin levels. 

We believe this is direct evidence that there are islets alive and 
functioning in the liver of this patient. In addition, we could detect 
glucagon coming out of the hepatic veins of this patient, with no 
glucagon detectable in the portal vein. This is what one would expect, 
because there are very few glucagon-producing cells in the head of 
the pancreas, but they are relatively rich in the body and tail. 

(slide) Of the first seven of our eight patients upon whom we 
performed transplantations, we initially had six successes. As Dr. 
Najarian has already mentioned, after six months three of the pa- 
tients, for reasons that are not at all clear, reverted and became 
hyperglycemic, and thereafter required insulin. The remaining three 
patients, operated on about one year ago, all had successful trans- 
plants in that they are insulin-independent. 

The reason all patients cannot undergo successful transplantation, 
as can dogs is not entirely clear. Of course, most of the animal work 
(slide) has been done in glands that are normal, and it is much 
easier to extract islets from such a gland. This is a gland of a dog 
that had his pancreatic duct ligated six weeks earlier. This looks 
similar to the histologic picture of chronic pancreatitis seen in hu- 
mans, and when we performed a pancreatectomy and islet trans- 
plantation in such a group of dogs, we only obtained an 8% success 
rate as compared with about a 90% success when a normal pancreas 
was used. 

This is clearly one of the problems, (slide) but I think a second, 
and possibly equally as important problem, is that of the functioning 
islet cell mass that the patients begin with. These are K values that 
are determined from intravenous glucose tolerance tests prior to 
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operation. A normal K value is up in the range of 2. The K value 
is the slope of the disappearance curve when the intravenous glu- 
cose tolerance tests are plotted on semilog paper. Up around 2 is 
normal; down around 1 is in the diabetic range. 

Even though none of these patients were insulin-dependent prior 
to 9575 pancreatectomy and transplantation, two of them had K 
values actually in the diabetic range. One transplant was a failure 
from the beginning; the second worked for six months and then 
failed. 

The transplants of the next two patients, again with K values in 
the diabetic range, also functioned temporarily and failed, but the 
three patients who had K values in the range of 1.3 and above 
have had long-term successes. Even though only about 2042 of these 
patients with chronic pancreatitis are insulin-dependent at the time 
that they present for surgical treatment, many of them have markedly 
decreased functioning islet cell masses and are doomed to failure 
from the beginning. 

I have one word of caution and two questions. The word of caution 
is that our eighth transplant recipient had severe portal hypertension. 
We thought we had eliminated that problem by adding heparin and 
Traysylol to the tissue homogenates prior to transplantation. How- 
ever, this patient required a mesocaval shunt to decompress the 
severe portal hypertension and subsequently died. So, along with 
Dr. Traverso, I would like to caution surgeons from extending this 
operative procedure without extremely careful selection of patients. 

Does Dr. Najarian have any direct evidence of islet cell function 
in the successful transplants? Does he currently screen patients pre- 
operatively, trying to measure indirectly their functioning islet cell 
mass, so that he can select patients for this procedure. The operation 
carries some risk to it, and therefore we ought to select only those 
patients who have a high probability of success. 


DR. JOHN M. HOWARD (Toledo, Ohio): I would like to comment 
on several facets of Dr. Najarian's project, not having done auto- 
transplantation in man. One is that 9576 pancreatectomy may produce 
a diabetes quite different from 100% pancreatectomy. It is not 
unusual to see patients with a 95% pancreatectomy require large 
amounts of insulin, 80—90 units a day, in contradistinction to total 
pancreatectomy. 

I have one comment about the hypotension that results if you 
give pancreatic juice intravenously to the dog. In dogs a sharp drop 
in blood pressure results. This is not a sustained drop, however, 
and it is probably related to the kallikrein system. 

If you look at the histologic factors in severe chronic pancreatitis, 
the islet cells are beautifully preserved, to such an extent that our 
pathologist, in reviewing our clinical material, said we were dealing 
with carcinoma of the islet cells. It was only after prolonged study 
and consultation with his colleagues that he was willing to say that 
these beautifully hyperplastic islets in the presence of calcareous 
pancreatitis were, in fact, benign. However, it was a distinction 
that could not be made on frozen section. This does not offer a 
major hazard to the design of the study, but it is something that 
might be considered. 

Most patients with calcareous pancreatitis in whom diabetes de- 
velop have a low insulin blood level, and the insulin response to glu- 
cose is quite low. We had presumed that these islet cells, although 
hyperplastic, were not producing insulin, or not secreting insulin 
well. Dr. Najarian has the problem of transplanting islets which 
were not functioning well in situ, and hoping that they would function 
as well or better in their new site in the liver. 

I would like to comment on the diabetes of total pancreatectomy. 
If you or I take a small dose of insulin intravenously our blood 
sugar level drops for 30 minutes and comes back to normal. After 
total pancreatectomy, the same dose would give not only a more 
profound drop in blood sugar level but also a much more prolonged 
drop. Instead of having blood sugar level drop for 30 minutes, it 
would remain low for five or six hours. 

One problem after total pancreatectomy is that the blood sugar 
level might be out of control. We would set up an intravenous in- 
sulin drip and monitor the blood sugar level every few minutes. 
When the blood sugar level would get down to 200 mg, having been 
much higher, we would turn off the insulin. One patient went on 
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into insulin shock because four or five hours later, with no insulin 
in the meantime, the blood sugar had continued to drop. They are 
very sensitive, both in magnitude in the drop of sugar, and in the 
duration of effect. 


DR. JOHN S. NAJARIAN (Closing discussion): There have actually 
been about 47 islet autotransplants done throughout the world. Dr. 
David Sutherland in our department has established a pancreas and 
islet cell transplantation registry, and anyone working in this field 
who has not done so, should contact Dr. Sutherland so we can 
collate as much information in this developing field as possible. 
A semiannual newsletter will serve as a reasonably rapid method of 
getting this information disseminated to the clinicians working in 
the field of pancreas and islet transplantation. 

For instance, what we have heard today from Dr. Richard Wilson 
is extremely important — the possibility that when you have a solu- 
tion of islets and debris that does not look clean enough for portal 
infusion, and you are concerned about obstructing the portal cir- 
culation, implanting the solution in the mesentery of the small in- 
testine would be a reasonable approach. I congratulate Dr. Wilson 
on this approach; it is one that we will remember when we have 
that kind of problem, or are having rising portal pressure that we 
cannot control. We have seen significant portal hypertension in only 
one patient, not in this group, but in our 18 allotransplants of islets 
in patients with diabetes mellitus. 

I also enjoyed hearing from Dr. Nardi's experience with his five 
patients, and I agree that putting a little something in the bank ahead 
of time is a good idea. I would certainly go along with his idea 
of autotransplanting islets when doing a distal pancreatectomy with 
the concern that the patient may need them later. 

Dr. Traverso has been a major contributor in this field, and | am 
interested to hear the things that he has done. The shock that Dr. 
Traverso and Dr. Longmire have seen in some patients after islet 
transplantation is something we have not seen. Perhaps it is because 
of the multiple washings that we do. I am sure, Dr. Traverso that 
you do the same washing that we do. We routinely administer hepa- 
rin to our patients before islet autotransplantation. Whether the 
disseminated intravascular coagulation within the liver that you are 
seeing is the origin of this problem, I do not know, but it is an 
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interesting question. It is a problem that we, fortunately, have* 
not seen. 

Dr. Cameron has operated on eight patients, and we are delighted ' 
to hear about these operations. Both Dr. Cameron and Dr. Traverso 
have nicely confirmed our preliminary report that the islets within 
the liver do function, and I congratulate them on showing direct 
evidence of islet cell function in the liver. We have done similar 
studies, but most of our evidence of islet cell function within the 
liver is really indirect. 

We routinely do a 95% pancreatic resection and frequently we go 
beyond that. We really try to remove as much pancreas as possible, 
so much so that in one patient we had to proceed with a duodenec- 
tomy because of ischemia, thus resulting in a total pancreatectomy. 
Although our evidence of islet function is indirect, we know that 
with 95% pancreatic resection, all patients in our experience will 
become diabetic. When I spoke to Dr. Charles Frey, his experience 
in Michigan was similar. 

I congratulate Dr. Cameron on the three successful operations, 
this is the sort of thing that encourages us to continue with this 
effort. However, we must select the patients for this procedure, using 
the K value is an excellent way of doing it, and we have done 
something like that; we commend you on the useful procedure. 

We screen our patients preoperatively and look for islet cell re- 
serve. Even if it is low, we probably would still autotransplant the 
islets, because our findings suggest that even a little islet reserve in 
the liver, aftertotal or near-total pancreatectomy, makes the patient's 
diabetes much easier to control, that is, they do not become ketotic 
when insulin is withdrawn, and their disease is easier to manage. 
If there are islets available, we go ahead and autotransplant them 
even if the preoperative insulin response is low. 

We have a patient we are currently considering for this procedure 
who has progressed to a diabetic state. We probably will go ahead 
and transplant that patient's islets if we proceed with total 
pancreatectomy. 

I was delighted to hear the comments of Dr. Howard. He has 
been a pioneer in pancreatic surgery, and he made some excellent 
points with which we would agree. The patient with a total pan- 
createctomy is extremely sensitive to insulin. We have found 
the same thing, and we agree with your admonition regarding care 
in insulin administration to such patients. 





Sigmoid ahead. See for yourself. , 


Flexible Sigmoidoscopy. See for yourself. Atlanta, Georgia. See for yourself. 

See what's new . . . designed for you. Who to See. What to see. Where to see. 
Information-packed, 80-foot booth. Information-packed, 12-page book. 

For your information (free), stop by. For your copy (free), stop by. 


ACMI at ACS in Atlanta 
Booths 546-560 


Its all recorded in black and white 


DAIA IN 4950 INSOMNIA PATIENTS SUPPORT ELE 


Clinical studies prove 
efficacy of 


Dalmane 
(flurazepam HCI/Roche) 


Dalmane efficacy was demonstrated in 18 clinical 
studies. These included paired-night, double-blind 
crossover, double-blind comparison and patient 
preference studies. ! 





Sif EU Utt 














an 
a n P 
7 


CTETUR 


A B RR 


iss RM TOL 


S 
u cist 1A 
WANN (CLONE 






MS 


Efficacy proved 
in postsurgical patients 
with insomnia?? 


In two separate clinical studies of hospitalized 
patients, most of whom were convalescing from sur- 
gery, Dalmane (flurazepam HCI/Roche) reduced sleep 
induction time, reduced the number of nighttime 
awakenings and extended total sleep time. Fifty-four 
patients were given Dalmane; 55, placebo, according 
to a double-blind, randomized protocol. 


Efficacy from the first 
night of use*^^ 


Dalmane (flurazepam HCI/Roche) proved 
effective during medication nights 1-3 





NT 







PRS PENN SSS MA WWI” 
*p< 0. Ol n= 23 

Results shown represent reduction, in minutes, of total time spent awake 
Adapted from Kales A, et a/: Clin Pharmacol Ther 19:576-583, May 1976 


In these sleep research laboratory studies, patients 
taking Dalmane fell asleep faster, had fewer nighttime 
awakenings and slept longer. 


PLUS THESE IMPORTANT 
SAFETY FEATURES: 


Does not significantly 
influence the results 

of many commonly 
ordered laboratory tests" 


Both /n vitro and in vivo studies have shown that 
Dalmane generally does not interfere with many 
common laboratory tests. Included among these are 
triglycerides, uric acid, glucose, SGOT, alkaline phos- 
phatase and total protein. Rare occurrences of SGOT, 
SGPT and alkaline phosphatase elevations have been 
noted due to pharmacological effects. (See Adverse 
Reactions section of complete product information.) 


Proven not to alter the effect 
of chronic warfarin therapy ®° 


Studies have demonstrated that patients concurrently 
on Dalmane (flurazepam HCI/Roche) and chronic war- 
farin therapy show no unacceptable fluctuation in 
prothrombin time. 


Patients receiving Dalmane should be cautioned about 
possible combined effects with alcohol and other 

CNS depressants. Patients should also be cautioned 
against hazardous occupations requiring complete 
mental alertness, such as operating machinery or 
driving a motor vehicle shortly after ingesting the drug. 


RO-OBJECTIVE FINDINGS! 


Well tolerated 


in most patients? 


A study of 2542 hospitalized patients with insomnia, 
42.7% of whom were 60 years of age or over, showed 
unwanted effects attributable to Dalmane in only 3.196 
of the total patient population. These unwanted effects 
were more frequent with increased dosage and age. 
None, however, were considered serious by attending 
physicians. 
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. Data on file, Medical Department, Hoffmann-La Roche Inc., 

Nutley NJ 

Meyer JA, Kurland KZ: Milit Med 138:471-474, Aug 1973 

Feffer HL, Gibbons B: Med Times 101:130-135, Aug 1973 

Kales A, et al: Clin Pharmacol Ther 19:576-583, May 1976 

Dement WC, et al: Behav Med 5:25-31, Oct 1978 

Moore JD, Weissman L: J Clin Pharmacol 16:241-244, May-Jun 1976 

Spiegel HE: Data on file, Medical Department, Hoffmann- 

La Roche Inc., Nutley NJ 

. Robinson DS, Amidon EL: Interaction of benzodiazepines with 
warfarin in man, in The Benzodiazepines, edited by Garattini S, 
Mussini E, Randall LO. New York, Raven Press, 1973, pp. 641-646 

. Warfarin Study: Data on file, Medical Department, Hoffmann- 
La Roche Inc., Nutley NJ 

10. Greenblatt DJ, Allen MD, Shader RI: Clin Pharmacol Ther 21:355- 
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flurazepam HCI/Roche 

15-mg and 30-mg capsules 
UNMATCHED PROOF, 
UNMATCHED EFFICACY 
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Please see following page 
for a summary of product information. 
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Protocol for insomnia 
management 


O Treat physical and/or psychological factors that 
may underlie an inability to sleep. 


O Thoroughly question and evaluate new patients 
who specifically request sleep medications. 


O Consider other medications the patient may be 
taking (including alcoholic beverages) and be aware of 
possible drug interactions. 


[ Select a sleep medication with objectively docu- 
mented proof of efficacy and a wide margin of safety. 


O Initiate treatment at the lowest effective dose for 
the period of time deemed necessary to achieve a 
reasonable therapeutic goal. 


O Monitor response to therapy and, based upon 
patient reassessment, determine need for continuing 
medication on an individual basis. 


O Advise patients who ingest alcoholic beverages or 
other CNS depressants against doing so while on sleep 
medication. CNS stimulants such as caffeine should 
also be discontinued. 


O Caution patients against engaging in hazardous 
occupations requiring complete mental alertness such 
as operating machinery or driving a motor vehicle 
shortly after ingesting the drug. In addition, as with 

all CNS depressants, patients may have reduced motor 
performance while on hypnotic therapy and should 

be advised accordingly. 


O Avoid prescribing for suicidal or dependency-prone 
individuals whose histories indicate an inability to 
handle any psychoactive substances including 
alcohol. 


Now available from Roche — important guidance which you 
may give to your patients with insomnia. 
Just complete and mail the form below. 
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i i 
i Roche Products Inc. i 
i One Broad Avenue i 
i Fairview, New Jersey 07022 i 
' | would like to receive information concerning 
i guidance about insomnia for my patients. i 
| i 
| Name i 
1 i 
Address 
l | 
l City. i 
i i 
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DALMANE € 


flurazepam HCI /Roche 


One 15-mg capsule h. s.— recommended initial dosage 
for elderly or debilitated patients. 

One 30-mg capsule h. s.— usual adult dosage 

(15 mg may suffice in some patients). 


Before prescribing, please consult complete product informa- 
tion, a summary of which follows: 
Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia Or 
poor sleeping habits; in acute or chronic medical situations re- 
quiring restful sleep. Objective sleep laboratory data have shown 
effectiveness for at least 28 consecutive nights of administration. 
Since insomnia is often transient and intermittent, prolonged 
administration is generally not necessary or recommended. 
Contraindications: Known hypersensitivity to flurazepam HCI. 
Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants. Caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). 

Usage in Pregnancy: Several studies of minor tranquilizers 

(chlordiazepoxide, diazepam, and meprobamate) suggest 

increased risk of congenital malformations during the first 

trimester of pregnancy. Dalmane, a benzodiazepine, has 

not been studied adequately to determine whether it may 

be associated with such an increased risk. Because use 

of these drugs is rarely a matter of urgency, their use 

during this period should almost always be avoided. Con- 

sider possibility of pregnancy when instituting therapy; 

advise patients to discuss therapy if they intend to or 

do become pregnant. 
Not recommended for use in persons under 15 years of age. 
Though physical and psychological dependence have not been 
reported on recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase dosage. 
Precautions: In elderly and debilitated patients, it is recom- 
mended that the dosage be limited to 15 mg to reduce risk of 
oversedation, dizziness, confusion and/or ataxia. Consider poten- 
tial additive effects with other hypnotics or CNS depressants. 
Employ usual precautions in patients who are severely depressed, 
or with latent depression or suicidal tendencies, or with impaired 
renal or hepatic function. Periodic blood counts and liver and 
kidney function tests are advised during repeated therapy. 
Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
staggering, ataxia and falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, lethargy, disorientation 
and coma, probably indicative of drug intolerance or overdosage, 
have been reported. Also reported: headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, constipation, Gl pain, ner- 
vousness, talkativeness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint pains and GU complaints. 
There have also been rare occurrences of leukopenia, granulo- 
cytopenia, sweating, flushes, difficulty in focusing, blurred vision, 
burning eyes, faintness, hypotension, shortness of breath, 
pruritus, skin rash, dry mouth, bitter taste, excessive salivation, 
anorexia, euphoria, depression, slurred speech, confusion, rest- 
lessness, hallucinations, paradoxical reactions, e.g., excitement, 
stimulation and hyperactivity, and elevated SGOT, SGPT, total and 
direct bilirubins and alkaline phosphatase. 
Dosage: Individualize for maximum beneficial effect. 
Adults: 30 mg usual dosage; 15 mg may suffice in some patients. 
Elderly or debilitated patients: 15 mg recommended initially 
until response is determined. 
Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 


ROCHE PRODUCTS INC. 
Manati, Puerto Rico 00701 
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EVERY 
DAY 





ultl-Vitamin Infusion 


The only multivitamin formulation 
that meets the new AMA/NAG' 
Standard for daily IV nutrition 


B 12 essential vitamins," now including biotin, folic acid and vitamin B-z, 
with appropriate levels of fat-soluble vitamins A, D and E. 


*American Medical Association/Nutrition Advisory Group. 
'Vitamin K is an optional addition to parenteral nutrition programs. 





For dilution in intravenous infusions only 
M.V.1."-12 (Multi-Vitamin Infusion) 
BRIEF SUMMARY 


DESCRIPTION 
This is a Sterile product consisting of two vials, 
labeled Vial 1 and Vial 2 


Each 5 ml. Vial 17 provides 


ascorbic acid (C) 100 mg 
vitamin Att (retinol) 3,300 I.U. 
vitamin D tt (ergocalciferol) 200 I.U 
thiamine (B:)* l M 3.0 mg. 
riboflavin (B2)* * 3.6 mg 
pyridoxine HCI (B«) 4.0 mg 
niacinamide 40.0 mg 
pantothenic acid*** . T i ; 15.0 mg 
vitamin Ett(dl-alpha tocopheryl acetate) 10 I.U 


twith propylene glycol 3096 and gentisic acid ethanolamide 296 as stabilizers 
and preservatives, sodium hydroxide for pH adjustment, polysorbate 80 
1.6%, polysorbate 20 0.028%, butylated hydroxytoluene 0.002%, butylated 
hydroxyanisole 0.0005% 


tt Oil-soluble vitamins A, D and E water solubilized with polysorbate 80 
*as the hydrochloride 

**as riboflavin-5-phosphate. 

***as dexpanthenol 


Each 5 ml. Vial 2 provides 


biotin... ; 60 mcg 
folic acid ; 400 mcg 
vitamin B:2 5 mcg 


with propylene glycol 30%; and citric acid, sodium citrate, and sodium 
hydroxide for pH adjustment 


“Aqueous” multivitamin formula 

for intravenous infusion: 

M.V.I.-12 (Multi-Vitamin Infusion) makes available a combination cf important 
oil-soluble and water-soluble vitamins in an aqueous solution, formulated 
specially for incorporation into intravenous infusions. Through special pro- 
cessing techniques developed in the research laboratories of USV 
Pharmaceutical Corporation, the liposoluble vitamins A, D and E have been 
solubilized in an aqueous medium, permitting intravenous administration of 
these vitamins 


INDICATIONS AND USAGE Daily multivitamin maintenance dosage for 
adults and children aged 11 and above receiving parenteral nutrition, as well 
as other situations where administration by the intravenous route is required 


Patients with multiple vitamin deficiencies or with markedly increased 
requirements may be given multiples of the daily dosage for two or more 
days as indicated by the clinical status 


CONTRAINDICATIONS Known hypersensitivity to any of the vitamins in this 
product or a pre-existing hypervitaminosis 


PRECAUTIONS Drug Interactions: M V -12 is not physically compatible 
with KEFLIN (sodium cephalothin), ANCEF, KEFZOL (sodium cefazolin), or 
moderately alkaline solutions, e.g., sodium bicarbonate solution, Some of the 
vitamins in M.V.I.-12 may react with vitamin K bisulfite. Direct addition of 
M.VI.-12 to intravenous fat emulsions is not recommended 


ADVERSE REACTIONS Allergic reaction has been known to occur following 
intravenous administration of thiamine. This risk, however, is negligible if the 
thiamine is administered with other vitamins of the B group 

DOSAGE AND ADMINISTRATION M V -12 is ready for immediate use in 
adults and children aged 11 and above when added to intravenous infusion 
fluids 

M.V.I.-12 should not be given as a direct, undiluted intravenous injection as it 
may give rise to dizziness, faintness, and possible tissue irritation 

For intravenous feeding, one daily dose of M.V.I.-12 (5 ml. of Vial 1 plus 5 ml 
of Vial 2) added directly to not less than 500 ml., preferably 1,000 ml., of 
intravenous dextrose, saline or similar infusion solutions 

Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration, whenever solution and container 
permit 

After M.V.I.-12 is diluted in an intravenous infusion, the resulting solution 
should be refrigerated unless it is to be administered immediately, and in any 
event should be administered within 48 hours. Some of the vitamins in this 
product, particularly vitamins A and D, and riboflavin, are light sensitive, and 
exposure to light should be minimized 

KEEP IN REFRIGERATOR 


HOW SUPPLIED M.V.1.-12 (5 ml. Vial 1 and 5 ml. Vial 2) boxes of 25 and 
cartons of 100 


/MUSV USV Laboratories, Division 
USV Pharmaceutical Corp. 


LABORATORIES Tuckahoe, N.Y. 10707 


The pioneer in parenteral 


multivitamins 


S ele C : [n patients with serious bacterial infection, the 
choice of antibiotic therapy is usually made on the 
e: basis of the effectiveness-to-risk ratio. This considera- — . 
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wane Sets SP em antibiotic is indicated. 
Y SS ay 7 f The activity of Nebcin® (tobramycin sulfate, Lilly) , 
N= SS NE » SS f d against a wide range of gram-negative organisms is 
"MY SOBs X ` now well known. A review of worldwide literature 
S RS S RS Rm shows "that tobramycin has significant antibacterial 
eR s em activity and that it is the most potent of all aminogly- 
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Hemostatic effect of Avitene as seen with scanning electron microscope. Courtesy JH Kennedy, MD, Baylor College of Medicine, Houston. 


Dramatic results in abdominal VITENE 
surgery yo. 


AVITENE has an established reputation based on its (ricotbrier volgen nemosta) 


spectacular hemostatic results where nothing else 
works; for example, in highly vascular organs such as 
liver and spleen. AVITENE provides hemostasis in a 
matter of minutes in bowel, pancreas and gallbladder 
procedures. With cessation of bleeding, the necessity 
for hepatic lobectomy or splenectomy is obviated, and 
the likelihood of incidental splenectomy is reduced. 


Works fast, saves time, saves blood, 
reduces costs, minimizes risks 


AVITENE usually stops bleeding within minutes... 
saves OR time...may reduce the need for added trans- 







fusions and the attendant risk of reactions and cross ss.. American Critical Care 
contamination. ..lessens the potential for complications (formerly Arnar-Stone Laboratories) 


of prolonged anesthesia... readily absorbed...does not Division of 


American Hospital Supply Corporation 
in ertorg LE h the nexmal ali ux nkocQs. M au D NNR 


AVITENE. 


microfibrilar colagen hemostat 


Brief Summary of Prescribing Information 


Description: Avitene"* (microfibrillar collagen hemostat) is an absorb- 
able topical hemostatic agent prepared as a dry, sterile, fibrous, water in- 
soluble partial hydrochloric acid salt of purified bovine corium collagen. 
In its manufacture, swelling of the native collagen fibrils is controlled 
by ethyl alcohol to permit noncovalent attachment of hydrochloric acid 
to amine groups on the collagen molecule and preservation of the es- 
sential morphology of native collagen molecules. Dry heat sterilization 
causes some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of colla- 
gen which are essential to its effect on the blood coagulation mechanisms 
are preserved. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional pro- 
cedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. This is 
due to simple mechanical interposition of dry collagen and not to any 
intrinsic interference with wound healing. By filling porosities of can- 
cellous bone, Avitene may significantly reduce the bond strength of 
methylmethacrylate adhesives. Avitene should not, therefore, be em- 
ployed on bone surfaces to which prosthetic materials are to be attached 
with methylmethacrylate adhesives. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide reacts 
with bound hydrochloric acid to form ethylene chlorohydrin. This product 
should not be resterilized. It is not for injection. Moistening Avitene 
or wetting with saline or thrombin impairs its hemostatic efficacy. It 
should be used dry. Discard any unused portion. As with any foreign 
substance, use in contaminated wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce hemo- 
stasis should be used. After several minutes, excess material should 
be removed; this is usually possible without the reinitiation of active 
bleeding. Failure to remove excess Avitene may result in bowel ad- 
hesions or mechanical pressure sufficient to compromise the ureter. In 
otolaryngological surgery, precautions against aspiration should include 
removal of all excess dry material and thorough irrigation of the pharynx 
Avitene contains a low, but detectable, level of intercalated bovine 
serum protein which reacts immunologically as does beef serum albumin 
Increases in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers because 
of ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally, shown a weak positive reaction to BSA or Avitene 
but these have not been correlated with IgG titers to BSA. Tests have 
failed to demonstrate clinically significant elicitation of antibodies of 
the IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and raboits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


*Avitene isa registered trademark of Avicon, Inc., distributed by American 
Critical Care, division of American Hospital Supply Corporation. 


iss.. American Critical Care 
ee:: (formerly Arnar-Stone Laboratories) 
Division of — 
American Hospital Supply Corporation 
McGaw Park Il ANNE! 


Quick Reference To 
Surgical Emergencies 


Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 





This handy manual, packed with clinical data 
In easy-to-use outline form, is designed for in- 
stant use in helping you evaluate the surgical 
emergency, make the diagnosis and carry out 
the indicated treatment. 
Divided into two broad categories of trau- 
matic and non-traumatic surgical emergencies 
the book systematically covers: Techniques of 
evaluating the patient and applying diagnostic 
criteria... Radiologic procedures that are 
necessary... Anesthesia considerations... 
Fluid and electrolyte replacement. 
The patient evaluating techniques, diagnostic 
steps and surgical treatment are presented 
step-by-step with each individual entry num- 
bered for simplicity. 
Subject matter includes emergencies Occurring 
in the areas of general, orthopaedic, neuro- 
logic, ophthalmic, thoracic, plastic, urologic, 
head and neck, and pediatric surgery. 
All who are involved in surgical emergency 
treatment will appreciate this easy-to-use, 
time-saving manual. 
664 Pages e 50 Illustrations e 
Flexible Binding ¢ 


1974 
$27.50 


| Li | 


ppincott 


| J. B. Lippincott Company 


| East Washington Square è Phila., Pa. 19105 


Please send me: 
O QUICK REFERENCE TO 
SURGICAL EMERGENCIES ............. $27.50 


Name 
Address 
2: --——— || — A. — 


O Payment enclosed 
(Save postage & handling) 


Also available at your medical bookstore. 


(J Charge and bill me 
(Plus postage & handling) 


AS 10/80 





see how the loose leaf approach 
serves your purposes now! 





Harper & Row’s NEW 


PRACTICE OF SURGERY 


Editor-in-Chief, Harry S. Goldsmith, M.D. 


the 12-volume ever-current loose leaf reference 
a ready source of day-to-day clinical guidance 


check these titles for 
breadth and versatility of coverage 


These clinically oriented, time-saving references 
cover the surgical spectrum; bring you the reliable, 
up-to-date information needed by surgical specialists. 
m General Surgery / 3 Volumes m Orthopedics / 2 
Volumes m Urology / 2 Volumes m Head and Neck 
Surgery / 1 Volume m Thoracic Surgery / 1 Volume 
m Cardiovascular Surgery / ! Volume m Neuro- 
surgery / 1 Volume m Gynecology / 1 Volume. 


find it fast... see it clearly 


More than 10,000 pages and 5,000 illustrations bring 
you today's state of the art. Broad coverage that 
serves your daily purposes: diagnosis, surgical tech- 
niques and procedures, anesthesia, pre- and post- 
operative care (chemotherapy, radiotherapy, rehabili- 
tation), complications. Cross-referenced index for 
speed and efficiency! 


Loose Leaf Reference Service 


handling charges 


IY Hagerstown, MD 21740 


| Y eS, please send me on 30-day approval, 


monthly payment 
at no charge, PRACTICE OF SURGERY [7] CHARGE IT 


(12 Volumes). If | decide to keep the set, | will — ici 


pay according to the terms indicated. (Other- 


Harper & Row, Publishers, Inc. [ ] Enclosed is my check tor $398 
We pay shipping, handling 


LMM tik — o een 
2350 Virginia Avenue [] Please bill me in full for $398 plus shipping | 


loose leaf revision pages 
change with new developments 


A once-in-a-lifetime investment! More than 400 prac- 
ticing surgeon-contributors cull current literature, 
report what's new and relevant in yearly revision 
pages which amend, expand, review, update. These 
and the yearly revised index insure that your books 
are ever current, ever useful. 


consider these important benefits 


over 10,000 pages 

more than 400 noted contributors 

over 5,000 illustrations 

hundreds of tables 

newly designed, sturdy loose leaf binders 
generous bibliographies 

completely cross-referenced index 


Why not see for yourself? Return the coupon for your 
no-cost review. Or call collect 301-733-2700. 





Address 





[ ] Please bill me in 10 equal monthly installments 
Shipping, handling charges will be included in 





City State _ Zip 
Prices may vary and installment terms not applicable 








wise | will return the books within 30 days, ott no: 


without obligation — U.S.A. and Canada MASTER CHARGE 
only.) SiS cee eee eee 


outside of the U.S. & Canada i 
Sales tax will be added where applicable 





Expiration date _ 77-80 AS 
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Iniectable 


Valium. 


Qlazeoam/ Roche 


PRESURGICALLY 


effective anxiolytic 
action plus proven 
skeletal muscle relaxation 


[]Deep administration into muscle one 
hour before surgery provides prompt 
therapeutic response 


O Reduction of anxiety and the somatic- 
muscular symptoms which frequently 
accompany anxiety generally results in a 
patient better prepared for anesthesia 


O Relief of skeletal muscle spasm in 
adjunctive use may be especially valuable 
in the presurgical trauma patient 





POSTSURGICALLY 


adjunctive benefits 
when pain is a 
complicating factor 


C Effective skeletal muscle relaxant — 
Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain 
and interfere with recovery 


[ Effective anxiolytic — 
Especially important since high levels of 
anxiety often intensify the experience of pain 


| ] Narcotic analgesic dosage can and 

should be reduced — 

When used with narcotic analgesics, 

reduce narcotic dosage at least 1/3 and 
administer in small increments; in some cases, 
use of a narcotic may not be necessary 


9 eras 00 nn) Roche (y 


Awide range of benefits 
in one effective agent 


Please see summary of product information on following page. 





Improved 





10 mg Disposable 
Syringe (5 mg/ml) 


the only prefilled disposable 
syringe with a 1-1/2” needle 
fo help insure deep 

administration into muscle 








Injectable 


Valium |. 


10-ml vials 
2-ml ampuls 


Tel-E-Ject 
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iazepam/Roche W 


| 5mg/ml 


nates (age 30 days or less). prolonged 
CNS depression observed In children 
give slowly (up to O 25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence, can be repeated after 15 
to 30 minutes If no relief after third 


administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con 
rolled, seizures may return. re- admin- 
ster if necessary. not recommended 


for long-term maintenance therapy 


= t comt 


ned with 


other psychotropics 


or anticonvulsants. caretully consider 


ndividual pharmacologic effects— par 
ticulariy with Known compounds whict 
may potentiate action of Valiun 


(diazepam Rx ) che) e.nphenoinia 
Please consult complete zines. narcotics. barbiturates MAO in 
product information, a summary hibitors. antidepressants Protective 


of which follows: measures indicated in nqnhly anxious 


Contraindications: Hypersensitivity patients with accompanying depre 
acute narrow angle glaucoma. may be sion who may have suicida! tenden 
used in patients with open angle glau es Observe usual precautions in 
coma receiving appropriate therapy mpaired nepatic Tunct avoia 
Warnings: lo reduce the possibility of accumulation in patients with compro 
venous thrombosis, phlebitis al ITI mised kidney function Laryngospas 
fall welling, and, rarely, vascular increased cough reflex are possible 

ni t when used I.V: inject during peroral endoscop:c proce 
lowly, taking at leas! one minute for dures. use topical anesthetic. have 
each 5 mg (1 ml) given, do not ust necessary countermeasures availaD e 
Mall veir e . dorsum of hand or Hypotension or muscular weakness 
WT f se extreme if J ntra [ J Die [ wticu any NVvner t ] W t 
irterial administrat Or &x lor nar barbiturate hol Use 
)C f f mix JIILil€ Vd! rr Jazeparr Ner aos (2 to 5 mq for elder y 
Roche) with other It Or! r drugs il debilitated 

yringe nfusion flask. Il it is not Adverse Reactions: Drowsiness. fa 
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Die to the vein insert poactivity lurred Speecr YNCOPE 
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very f e with limited pulmonary ncontinence. changes in libido. ur 
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A CENTURY OF SURGERY 1880-1980 


By Mark M. Ravitch, M.D. 





2 handsome volumes — 1,600 pages — 284 illustrations 
slip-cased — richly stamped in gold 





A work as exciting to create as it will be to 
own. Five years in the writing. Months in plan- 
ning and design. A treasured heirloom, to be 
read and savored and passed on to future 
generations. 

Its physical and visual qualities represent a 
return to an old-world sense of pride of craft. 
Printed to exacting stand- 
ards on matte non-glare 
coated paper, its superb il- 
lustrations — old daguer- 
rotypes, early x-rays, line 
drawings of surgical appa- 
ratus, artifacts of 100 years 
of history — all leap alive 
to the eye. 





offered in a limited numbered edition 
of 2,000 copies signed by the author 


Over 1,600 pages, with permanent sewn bind- 
ing, in a generous 8” x 10” format. The two 
volumes are bound in a handsome, durable 
covering of glowing burgundy and burnished 
with gold leaf. They are protected by a striking 
custom-crafted slip-case bearing a laminated 
reproduction in full color of Eakin's "The Gross 
Clinic". 
the 100 year drama of American surgery 
from a surgeon whose pen 
is as deft as his scalpel 


Dr. Mark M. Ravitch, scholar, teacher, lec- 
turer, surgeon and gifted author, brings you 
the story of American surgery, seen through 
the eyes and heard through the voices of those 
who made it happen. And those who tried to 
hold it back. 

Drawn largely from Transactions, the offi- 
cial proceedings of the American Surgical 
Association, the history recalls and comments 
upon the surgical papers published from 1880 
through 1979. 


2 handsomely 
bound volumes: 
frontispiece and 
slip-case carry 

full color 
reproductions of 
“The Gross Clinic" 





meet an unforgettable cavalcade 
of surgical stars 


In the exciting, often contentious, interchanges 
among surgeons (quoted directly from pub- 
lished records) you come to know: Samuel D. 
Gross, the founder of the American Surgical 
Association, and the most illustrious American 
surgeon of his day. Moses Gunn. Nicholas 
Senn. Rudolph Matas. J. B. Roberts. The 
Nobel Laureates, Alexis Carrel, Charles Hug- 
gins, and Theodor Kocher. Lester Dragstedt. 
Owen Wangensteen. Alfred Blalock. Robert E. 
Gross. Robert Zollinger. Francis D. Moore. 
Jonathan Rhoads. I. S. Ravdin. So many more. 


the wit and wisdom of 
American surgery 


In the book's many sections, one for each year, 
you trace the advances of surgery — a step for- 
ward, a stalemate, then a new beginning. Men 
in the 1880's, before their time, preaching 
Listerism, pioneering heart surgery, suggesting 
artificial respiration, warning against tourni- 
quets, venturing into brain surgery. 

“What works — was good.” The x-ray, the 
growth and development of blood transfusion, 
the demonstration that hernia was curable, the 





reaction to the introduction of the sulfona- 
mides, the excitement over the new knowledge 
of bacteriology, the initial reports of cardiac 
and aneurysm surgery, antibiotics, heart trans- 
plants . . . and, throughout, the battle against 
infection, the bane of surgery. 


a history to read and enjoy 
a reference to enlarge your thinking 


This is an authoritative book . . . destined to 
become a classic reference. This is an absorbing 
book, with all the drama and sweep of an his- 
torical novel. This is an insightful book, reveal- 
ing character as only action and reaction can. 

Planned for practical use. Arranged chrono- 
logically. Meticulously indexed: an index of 
names; a conventional subject index; an index 
of the minutes of the American Surgical Asso- 
ciation; a special index of broad topics, 21 in 
all, which appears as a part of the Table of 
Contents. 


offered in a limited numbered edition, 
signed by the author 
now accepting priority reservations 


Because the numbered and signed copies 
will be limited to the first 2,000, we urge you 
to act immediately so that you may be among 
the fortunate few to own this magnificent 
set. 


—— PRIORITY RESERVATION —— — 


| A CENTURY OF SURGERY 
1880-1080 
by MARK M. RAVITCH, M.D. 


J. B. Lippincott Company 
East Washington Square 
Post Office Box 1430 
Philadelphia, PA 19105 


[] Please reserve my copy, (#65-06190) (à $195.00, 
for a 30-day no-cost examination. 


(] Please reserve an additional set which I wish to 
present as a gift. 


(] Charge It: 

VERLA LON LO) DRES ee Y LLLTIJ 
Master ChargeL 1] 1 1 1 11 1 1 1 1 1 1 1 J 
Expiration Date 


O Enclosed is my check for $195.00. 
We pay postage and handling. 








[] Please bill me in full amount of 
$195.00 plus postage and handling. 


*Plus my state sales tax. 


Name 
Address 


City 
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Its a matter | 
me) taste 


Each can of SÜSTACAL supplies the following: 


(Ascor 
S CAN acid), mg... 


Great tasting nutritional support 
ina small, easily-consumed serving. 


When surgery, therapy or disease 
reduces your patients’ appetites or 
increases their needs, they need a 
nutritional boost. They need Sus- 
tacal. 


Sustacal is a great-tasting nutri- 
tional supplement that helps insure 
daily nutritional needs are met — 
without replacing the foods patients 
are eating. 

Sustacal is a delicious way to give 
your patients well-balanced nutri- 
'ian in n smol "M IE MAL s n 











MIA PANAL" 


PUMA FTE 


E eu 


Rany TOUSE 


serving ... a maximum amount of 
nutrition in a minimum volume. 


Sustacal comes in a variety of 
flavors and forms... ready-to-use 
liquid, pudding, and powder that 
mixes readily with milk. 


So, when your patients need extra 
nutrition, specify Sustacal. 


VI JOD SO 


NUTRITIONAL DIVISION 


mem "wy MES 
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IOMG TABLETS 


Nolvadex 


TAMOXIFEN CITRATE 


A well-tolerated form of endocrine therapy* 
Nolvadex b.i d. is easily given at home: Patients need not 
experience the disruption of family life that can occur with 
cytotoxic drugs, where administration often necessitates 
hospitalization. 

Depicted below are comparative results from studies’ 
of Nolvadex in 625 evaluable patients: 





Objective responses to Nolvadex in relation to prior 


1 











systemic therapy? 
NONE ENDOCRINE CYTOTOXIC ENDOCRINE 
ONLY ONLY AND 
CYTOTOXIC 
———————— Hd 
Complete 9 2 12 5 
Response (4%) (2%) (9%) (3%) 
ME Mn DR RENS i NN 
Partial 80 34 23 3l 
Response (3996) (3996) (1696) (1696) 
Disease 58 29 35 64 
Stabilization (28%) (33%) (25%) (33%) 
Progression 5 23 70 93 
(2896) (2696) (50%) (48%) 
Total Number 
of Patients 204 88 140 193 





A valuable antiestrogen for the palliative 
treatment of advanced breast cancer 
in postmenopausal women. 


*Unlike side effects usually associated with other agents, those most frequently reported 
with Nolvadex were nct disabling or life-threatening This explains the comparatively 
low discontinuance rate of 2% The uncomplicated oral regimen of Nolvadex does not 
necessitate hospitalization 


Indicated in breast cancer that has 
metastasized to bone and viscera...as well 
as to soft tissue. 


The following is a tabulation of objective responses to 
Nolvadex in patients who entered therapy with progressive 
disease — from 13 separate studies": 





Objective responses by dominant site of progressive 
disease in 625 evaluable? patients 











BONE VISCERA SOFT 
TISSUE 
TOTAL NUMBER 
OF PATIENTS 250 248 127 
COMPLETE RESPONSE 
measured by complete 
disappearance of all known 
l dis d 6 22. 

malignant disease an (2%) (17%) 


recalcification of osteolytic 
lesions for at least 4 weeks 


PARTIAL RESPONSE 

measured by decrease of 50% 

or greater in size of lesions, 

and/or partial recalcification 65 56 47 
or blastic transformation of (26%) (23%) (37%) 
osteolytic lesions for at 

least 4 weeks 


STABILIZATION 

(NO CHANGE) 
measured by decrease of 
less than 50% or increase 
of less than 25% in size of 
lesions, with no change in 
osseous lesions for 

at least 4 weeks 





70 27 
(2876) (2196) 


89 
(36%) 


Total (complete or partial 
response or stabilization) 


PROGRESSION 
measured by increase 

of greater than 25% in size of 
lesions, or appearance 

of any new lesions 


62% 93% 16% 


96 
(38%) 


116 31 
(47%) (24%) 





t Data on file, Stuart Pharmaceuticals 
*Of a total of 970 patients studied, 345 were excluded from evaluation of Nolvadex efficacy 
because of an inadequate treatment period, concomitant therapy with other anticancer agents, 


or not having evaluable disease 


Please see next page for a brief summary of prescribing information 
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BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex* has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 
the use of Nolvadex 

Warnings: Nolvadex may have oncogenic activity in animals. 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times the highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex® 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe, 
Nolvadex should be discontinued 
Precautions: Nolvadex should be used cautiously in patients 
with existing leukopenia or thrombocytopenia. Observations 
of leukopenia and thrombocytopenia occasionally have been 
made, but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
50,000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate 
Usage in Pregnancy: Nolvadex should not be used during 
pregnancy. 

Adverse Reactions: The most frequent adverse reactions tc 
Nolvadex are hot flashes, nausea, and vomiting. These may 
occur in up to one-fourth of patients, but are rarely severe 
enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge. menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with a 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex® and generally subside 
rapidly 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss o' 
control of the disease. 

Overdosage: Acute overdosage in humans has not been re- 
ported. Signs observed at the highest doses following studies 
to determine LDss in animals were respiratory difficulties and 
convulsions. No specific treatment for overdosage is knowr; 
treatment must be symptomatic. 

Dosage and Administration: One or two 10 mg tablets twice 
a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 
tablets imprinted with STUART 600, containing tamoxifen as 
the citrate in an amount equivalent to 10 mg of tamoxifen. The 
tablets are available in containers of 60 tablets and 250 tab- 
lets. The tablets should be protected from heat and light 
NDCO0038-0600 September 1979 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc. 
Wilmington, Delaware 19897 





Fifth Edition 


Rhoads 
TEXTBOOK OF 


SURGERY 


Principles and Practice 
* 


Edited by JAMES D. HARDY, M.D. 
with 279 contributors 


Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion; description of 
specific pathological conditions; surgical 
history; physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible, many excellent illustrations of disease 
processes and treatment procedures, pussible 
technical errors, safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 


5th Edition, 1977 / One Volume Format. $45.00 
Two Volume Format. $53.00 


Now Availablein Either One orTwo VolumeForm! 


Lippincott 


J. B. LIPPINCOTT COMPANY 
East Washington Square 6 Phila., Pa. 19105 


In Canada J. B Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me 
Rhoads TEXTBOOK OF SURGERY 
o 1 Vol. $45.00 © 2 Vols. $53.00 


Name ——— 





Address l EN za "— 
City 





State | . "4l -== 


O Payment enclosed tj Charge and bill me 





(Save postage and handling) (Plus postage and handling) 


Also available at your medical bookstore AS 10/80 
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What cancer can't kill: 


HOPE. LOVE. COMPASSION. DIGNITY. 
TENDERNESS. UNDERSTANDING. 


Because now there's a book of sound advice 
for evervone whose loved one has cancer. 


How do you cope with cancer when someone you 
care for is the victim? How can you deal with the 
anger, fear and anxiety? Until now, the answer was 
a vague one. Today, however, there is a book—by 
an expert—that is a straightforward, wise, human 
discussion that can truly help you. It avoids both 
extreme anxiety and passive acceptance, looking 
for a middle way of reacting that may actually 
improve the chances of a cure. 


Doing for yourself — with 
the help of an expert. 


Out of the experience of thousands of patients, 
Dr. Cantor talks about every emotional conse- 
quence of the cancer experience. He discusses such 
vital emotional issues as faith in the physician; fear 
of abandonment; the process of restitution; the 
failure of treatment; how different types of 
marriages and family relationships are likely to 
respond; handling depression, and much more. Just 
about everything you could ever want to know, 
every piece of advice you could ever need, is con- 
tained in And A Time to Live. 

[f you need help getting through your experience 
with cancer in someone you love, you need this 
book. It will help you have the kind of hope you 
never thought possible. 


"A fine and useful book, unusual in its scope, 
insight, and compassion." 
—ALLEN B. WHEELIS, MD., 
author of The Seeker 


"An extraordinarily fine book It is full of 
vitally important information and wise 
counsel for people who have cancer and for all 
who relate to them as professionals, family 
members, or friends." 

—NEVITT SANFORD, author of 
The Authoritarian Personality 


AND A TIME TO LIVE 


Toward Emotional Well-Being During the Crisis of Cancer 
by Dr. Robert Chernin Cantor 
$10.95 


At your bookstore, or: 


HARPER & ROW, Publishers 
Attn: R. Brengel 

10 East 53rd Street 

New York, N.Y. 10022 


Please send me — . copies of And A Time to Live @ $10.95 
per copy plus 75c for postage and handling. If not satisfied, | 
may return the book(s) within 10 days for a full refund. I enclose 
O check O money order in the amount of $ 

total. (Please add applicable sales tax.) 
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Address 


City State Zip 





Dilaudid 
hydromorphone HC! @ 


Warning: May be habit forming 
INDICATIONS AND USAGE: DILAUDID is indicated for the relief of moderate to severe pain 


such as the "s due to 

surgery/Cancer/Trauma (soft tissue & bone)/Biliary Colic/Myocardial Infarction/Burn: 
Ren: 1l Col 
CONTRAINDICATIONS: As is morphine, DILAUDID is contraindicated in patients known tc 
have a hypersensitivity to it. in the presence of an intracranial lesion associated with 
increased intracranial pressure, and whenever ventilatory function is depressed (chronic 
obstructive pulmonary disease, cor pulmonale. emphysema, kyphoscoliosis, status 
asthmaticus) 
WARNINGS 
Respiratory Depression: CILAUDID produces dose-related respiratory depression by actin 
firectly on Drain stem respir: ae; cenlers D LAUDID also affects centers that control 





respiratory rhythm, and may produce irregular and pe eriodic breathing 

Head Injury and Increased nonc Pressure: Th e respiratory depressant effects of 
'arcotics and their capacity to elevate cerebrospinal f i'd pres sure may ba makadi 

exaagerated in the preser ce of head injury, « ther ntracranial lesions or a preexisting increase 

in intracranial pressure. Fi urthermore narcotics produce effects which may obscure the 

clinical course of patients with head injuries 

Acute Abdominal Conditions: The administration of narcotics may obscure the diagnosis or 

clinical course of patients will acute abdomina! conditions 


PRECAUTIONS 
Special Risk Patients: DII AUDID should be used with caution in elderly or debilitated 


atents and those witt iDaired renal or hepatic function, hypothyroidism, Addison: 

disease. prostatic hypertrophy or urethral stricture As with any narcotic analgesic agent, the 

jSual Drac vaut should be observed and the possibDi ity of respiratory depression should be 
tin mind 

Cough Reflex: DILAUDID suppresses the cough reflex, as with all narcotics, caution should 

be exercised when DILAUDID | used | stoperatively and in patients with pulmonary 

Jisease 

Usage i in Ambulatory "ume otics may impair the mental and/or physical abilities 

require d for the performance of potentially hazardous tasks such as driving a car or oper iin 

nat ninery patients should be cautioned accordingly 

Drug Interactions: Patients receiving other narcotic analgesics, general anesthetics 

phenothiazines, tranquilizers, sedative-hypnotics, tricyclic antidepressants or other CNS 

depressants (including alcohol) concomitantly with DILAUDID may exhibit an additive CNS 

depression Whens ict combined therapy contemplated, the dose of one or both agent 


should be recuced 
Parenteral Administration: The parenteral form of DILAUDID may be given intravenously, Dut 
t njection should be aiven very slowly. Rapid intravenous injection of narcotic analgesics 


increases the possibility of side effects such as hypotension ana respir ‘tory depres 


Pregnancy: Pregnancy Category C. DILAUDID has been shown to be teratogenic i 


hamsters when qiven in doses 600 times the human dose There are no adequate and 
well-controlled studies in pregnant women DILAUDID should be used during pregnancy only 
if the potential be fit iustihies the potential risk to the fetus 

Nonteratogenic Effects: t 3abies born to mothers who have been taking Opioids reguiariy prior 
to delivery will be physically dependent The withdrawal signs include irritability and 


excessive crying. tremors, hyperactive reflexes, increased respiratory rate, increased stools 
sneezing vawnir . vomiting, and fever The intensity of t ne syndrome joes not always 
correlate with the duration of maternal opioid use or GO |: There is no consensus on the best 
method of managing withdrawal Chlorpromazine O 7 to Y 0 mg/kg í 36h. | phenobarbital 2 

' i [yu 
mg/kg q6h, and paregoric 2 to 4 dropS/kg q4h, have been used to treat withdrawal symptoms 


n infants. The duration cf therapy is 4 to 28 days, with the dosages decreased as tolerated 
Labor and Delivery: As with all narcotics, administration of DILAUDID to the mother shortly 
sorore delivery may result in some degree of respiratory depression in the newborn 

pecially if higher doses are used 
Nursing Mothers: | It is not known whether this drug is excreted in human mK Because many 
irugs are excreted in human milk and because of the potential for serious adverse reactions 
n nursing infants from DILAUDID, a decision should be made whether to discontinue nursing 
or to discontinue the drug, taking into account the importance oi the drug to the mothe 


Pediatric Use: Safety and effectiveness in children have not been establis hed 
FD&C Yellow No. 5: [ DI AUDID 1 mg, 2 mg and 4 mg color-coded tablets contain FD&C 


Yellow No. 5 (tartrazine) dye which may cause allergic-type reactions (including bronchia 
isthma) in certain susceptible individuals. Although the overall incidence of FD&O Yellow 
NO 5 (tartraz ne) dye sensitivity ir the genera! popu Wor S low. itis frequently se 


patients who also have aspirin hy perser 

ADVERSE REACTIONS | 
Central Nervous System: ` ton, drowsine mental clouding, lethargy. impairment of 
mental and physica! performance, anxiety, fear. dysphoria, dizziness, psychic dependence 


mood changes 


Gastrointestinal System: Nausea and vomiting occur infrequently, they are more frequent in 
‘ambulatory than in recumbent patient The antiemetic phenothiazines are useful ir 
suppressing these effects, however, some phenothiazine derivatives seem to be 
antianalgesic and to increase the amount of narcotic required to produce pain relief, while 


other pher othiazines reduce the amount of narcotic required to produce a given level of 


inalgesia Prolonged admin ation of DILAUDID may produce constipation 

Cardiovascular System: Cire ul aed y / depres ion, peripheral circulatory collapse and ¢ xb iC 

arrest have oc irred after rap avenous injector Orthostatic hy pc ter ion and f ng 
lay occur if a patient stands up suddenly after receiving an injectior f DII AUDID 


Geditourwiry System: Ureteral spasm, spasm of vesical sphincters 2 and urinary retentior 
have been reporte 


Respiratory Depression DILAUDID produces dose-rek mier i respiratory depression by acting 
directly on brain ste spiratory centers DIL d y affects centers that contr 
respiratory rhythm, and may produce irregular idi ferio d c breathing. If significant 
respiratory pico ied ion occurs. tt may De anta diia Dy the use ot naloxone nydrochiloride 
0.005 mg/kg intravenously Apply other supportive measures when indicated 

DRUG ABUSE AND DEPENDENCE: DILAUDID is a Schedule @ narcotic. Psychic 

depe ndenc e physical dependence, and tolerance may develop upo jn repeated 
administration of narcotics. therefore DIL AUDID should be prescribed and admir Xd with 

caution However, psychic dependence is unlikely to develop when n DILAUDID is us ed Ic ira 
short time for the tre atn ent of pair Physical dependence, the condition in which continued 


‘administration of the drug is required tc prevent the appearance a a cle wel ange me 
assumes clinicaily sig! ficant proportions only after several weeks of continued narcotic use 
although some mild jegree of physica iE pene ITE jevelop after a few days of narcotic 
therapy Tolerance, in which increas ng large doses are required in order to produce the 
same degree of analgesia, is manifested initially oF a shortened duration of analgesic effect 
ind subsequently Dy decreases in the intensity of analgesia The 


e rate of development of 
tolerance varies among patients 


Knoll Pharmaceutical Company, Whippany New Jersey 07981 
Member Company, Certified Medical Representative Institute Inc 
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When they can eat... 


nydromorphone HCl 


The first step after injectables 
in post-op analgesia. 


Knoll Pharmaceutical Company, Whippany New Jersey 07981 * 
Member Company, Certified Medical Representative Institute Inc &. 


Please see ádjacent page for brief summary of prescribing information 
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Each 325 mg. Tabl 


In a recent study, regular pancreatic 
enzyme tablets, such as Viokase, 
were found to be nearly three times as 
effective as enteric-coated tablets in 
correcting steatorrhea.' Theoretically, 
the enteric coating protects the en- 
zymes from the stomach's acidity and 
releases them in the alkaline environ- 
ment of the small intestine. But in pa- 
tients with pancreatic insufficiency, 
the duodenum and upper jejunum are 
often acidic.? As a result, enteric coat- 
ings “...may reduce the clinical effec- 
tiveness of the pancreatic extracts" ' 


Another study reports that, "In the 
dosages used, neither enteric-coated 
enzymes nor supplemental neutraliz- 
ing antacids were more effective than 
pancreatin alone in decreasing steator- 
rhea or improving duodenal enzyme 
delivery."? The authors tentatively con- 
clude that '"...acid-resistant enteric- 
coated preparations are helpful only in 
selected cases in which postprandial 
intragastric pH is uniformly low"? Thus, 
enteric-coated preparations appear to 
have limited usefulness in the treat- 
ment of exocrine pancreatic insuffi- 
ciency, and when they are used, their 
effectiveness should be tested by deter- 
mination of the response of steatorrhea. ' 


Viokase Still costs less 

Based on figures published in the 1979 
Drug Topic Redbook, daily therapy 
with Viokase can cost your patients 
less than half the price of enteric- 
coated products...and the effective- 
ness of Viokase is confirmed by over 
25 years of clinical experience. 


| S : J ; 4 ae aoe + ea ee 
et contains: Lipase, N.F Units 6,500; Protease, N.F Units 32,000: Amylase, N.F. Units 48,000 
. VIOKASE* (pancreatin). 


Description: VIOKASE is a pancrea- 
tic enzyme concentrate of porcine ori- 
gin containing standardized amylase, 
protease and lipase activities plus 
esterases, peptidases, nucleases and 
elastase. 


The enzyme potency of the tablets and 
powder are: 


Each 325 mg. Each 0.75 gram 

Tablet (Y3 teaspoonful) 
Lipase, N.F Units 6,500 15,000 
Protease, N.F. Units 32,000 75,000 
Amylase, N.F. Units — 48,000 112,500 


Under conditions of the N.F. test 
method (in vitro) VIOKASE has the 
following total digestive capacity: 


Each 325 mg. Each 0.75 g. 
Tablet Powder 
Dietary Fat 23 53 grams 
Dietary Protein 32 75 grams 
Dietary Starch 48 112 grams 


VIOKASE Tablets are not enteric coated. 


Indications: As a digestive aid in cys- 
tic fibrosis and in exocrine pancreatic 
deficiencies usually due to chronic 
pancreatitis, pancreatectomy or 
obstruction in the pancreas caused by 
malignant growth. 


Administration and Dosage: 
Powder: Dosage to patients with cys- 
tic fibrosis: Ys teaspoon (0.75 grams) 
with meals. 


Tablets: Dosage to patients with cystic 
fibrosis or chronic pancreatitis —1 to 3 
tablets with meals. For aiding diges- 
tion in patients with pancreatectomy or 





astrectomy —1 to 2 tablets taken at 
-hour intervals, or as directed by 
physician. 
Caution: Federal law prohibits dis- 
pensing without prescription. 


Warnings: Avoid inhalation of powder. 


Precautions: Use with caution in pa- 
tients known to be allergic to pork 
protein. 


How Supplied: 

Powder: Bottles of 4 ounces and 8 
ounces 

Tablets: Bottles of 100 and 500 


Literature Available: Complete liter- 
ature available upon request including 
information on BEEF VIOKASE DE- 
RIVED FROM BEEF PANCREAS FOR 
THOSE EXCEPTIONAL PATIENTS AL- 
LERGIC TO PORK. 


1. Graham, David Y.M D Enzyme Replacement Therapy 
of Exocrine Pancreatic Insufficiency in Man: N. Ena! J 
Med 296 1314-1317, 1977 

2. Benn, A. and Cooke, W.T. Intraluminar pH of 
Duodenum and Jejunum in Fasting Subjects with Norma 
and Abnormal Gastric or Pancreatic Function. Scand J 
Gastroenterol 6: 313-317, 1971 


3. Regan, Patrick T., M.D., Malagelada, Juan-R. MD 
DiMagno. Eugene P, M.D., Glanzman, Scotty L. and Go 
Vay Liang W., M.D.: Comparative Effects of Antacids 
Cimetidine and Enteric Coating on the Therapeutic Re- 
sponse to Oral Enzymes in Severe Pancreatic Insuffi- 
ciency; N. Engl J. Med 297: 854-858. 1977 


(C 1979 Viobin Corp 
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A Subsidiary of A.H. Robins Company 
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Touch skin lightly using i -Extractor designed for easy 
centerline indicator and guide crown and skin surface minimizes bue cn stima d 

notch to ensure equidistant staple — crosshatching and eases staple position jaws beneath staple i | 
placement across the incision. extraction. Properly placed staples span, squeeze handles until rae Pot a ETHICON 
Fire, release completely, and provide accurate apposition with fully closed, and lift staple. = . 

withdraw instrument with minimal tension. *Trademark ©ETHICON, INC., 1980. 











N l it l h ut 
Torecan can help control nausea 
and vomiting with dual action:* 

1) against circulating emetics 
(atthe CTZ) 


2) against emetic sights, emotions, 
and organ insults (at the TVC) 


In using Torecan, the physician 
should consider the adverse 
reactions which are associated 
with the drug specifically and 
phenothiazines generally.** 


**Please see brief summary for detailed 


*As shown in animal studies; TVC — True 
Vomiting Center, CTZ — Chemoreceptor 


Trigger Zone. 


 Jorecan 


(thiethylperazine) e 


adverse reactions. 











Antiemetic 


Injectable—10 mg/2ml (thiethylperazine malate, NF) for IM injection only 
Suppositories —10mg (thiethylperazine maleate, NF) 


Tablets—10 mg (thiethylperazine maleate, NF) 


Torecan” (thiethylperazine) 
Tablets, Suppositories and Injection 


Contraindications: Severe CNS depression, coma- 
tose states, and in patients who have demonstrated 
a hypersensitivity to phenothiazines (e.g., blood 
dyscrasias, jaundice). Because severe hypotension 
has been reported after the intravenous administra- 
tion of phenothiazines, this route of administration is 
contraindicated. The drug is contraindicated in 
pregnancy. 


Warnings: Phenothiazines are capable of potentiat- 
ing CNS depressants as well as atropine and phos- 
phorous insecticides. The drug may impair mental 
and/or physical ability required in the performance 
of potentially hazardous tasks such as driving a car 
or operating machinery. 

Postoperative Nausea and Vomiting: When used to 
control postoperative nausea and vomiting in 
patients undergoing elective surgical procedures, 
restlessness and postoperative CNS depression 
during anesthesia recovery may occur. Possible 
postoperative complications of a severe degree of 
any of the known reactions of this class of drug 
must be considered. Postural hypotension may 
occur after an initial injection, rarely with the tablet 
or suppository. Do not use with epinephrine in the 
treatment of drug-induced hypotension as pheno- 
thiazines may induce a reversed epinephrine effect. 
The most suitable vasoconstrictor agents are levar- 
terenol and phenylephrine. The use of Torecan has 
not been studied following intracardiac and intra- 
cranial surgery. Not recommended for use in chil- 
dren under 12 years of age, or in nursing mothers 
since safety and efficacy have not been established. 


Precautions: Convulsions and abnormal movements 
such as extrapyramidal symptoms have occurred. 


The varied extrapyramidal symptom complex is 
more likely to occur in young adults and children. 
Extrapyramidal effects must be treated by reduction 
of dosage or cessation of medication. For treatment 
of nausea and/or vomiting associated with anesthe- 
sia and surgery, the drug should be administered by 
deep intramuscular injection at or shortly before the 
termination of anesthesia. 

Torecan tablets contain FD&C Yellow No. 5 (tartra- 
zine) which may cause allergic-type reactions 
(including bronchial asthma) in certain susceptible 
individuals. Although the overall incidence of FD&C 
Yellow No. 5 (tartrazine) sensitivity in the general 
population is low, it is frequently seen in patients 
who also have aspirin hypersensitivity. 


Adverse Reactions: CNS: convulsions, extra- 
pyramidal symptoms such as dystonia, torticollis, 
oculogyric crisis, akathisia and gait disturbances, 
occasional cases of dizziness, headache, fever and 
restlessness have been reported. Drowsiness may 
occur initially on injection but is usually alleviated by 
a reduction in dosage. Dryness of the mouth and 
nose, blurred vision, tinnitus; sialorrhea and altered 
gustatory sensation. Peripheral edema of the arms, 
hands and face. Cholestatic jaundice; cerebral vas- 
cular spasm and trigeminal neuralgia have been 
reported occasionally. The following have occurred 
with phenothiazine derivatives and should be con- 
sidered: agranulocytosis, leukopenia, thrombocyto- 
penia, aplastic anemia, pancytopenia, eosinophilia, 
leukocytosis; miosis, obstipation, anorexia, paralytic 
ileus; erythema, exfoliative dermatitis and contact 
dermatitis; jaundice, biliary stasis. Hypotension, 
rarely leading to cardiac arrest; ECG changes. 
Akathisia, agitation, motor restlessness, dystonic 
reactions, trismus, torticollis, opisthotonos, oculo- 
gyric crises, tremor, muscular rigidity, akinesia, 


information concerning potential 
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some of which have persisted for several months or 
years especially in patients of advanced age with 
brain damage. Menstrual irregularities, altered 
libido, gynecomastia, weight gain; false positive 
pregnancy tests. Urinary retention, incontinence; 
fever, laryngeal edema and angioneurotic edema, 
asthma. Hyperpyrexia, behavioral effects sugges- 
tive of a paradoxical reaction, including excitement, 
bizarre dreams, aggravation of psychoses and toxic 
confusional states. While there is no evidence that 
ECG changes are in any way precursors of any sig- 
nificant disturbance of cardiac rhythm, sudden and 
unexpected deaths apparently due to cardiac arrest 
have been reported in a few instances in hospital- 
ized psychotic patients previously showing charac- 
teristic ECG changes. A peculiar skin-eye 
syndrome, which is marked by progressive pigmen- 
tation of areas of the skin or conjunctiva and/or 
accompanied by discoloration of the exposed 
sclera and cornea, has also been recognized as a 
side effect following long-term treatment. Opacities 
of the anterior lens and cornea described as irregu- 
lar or stellate in shape have also been reported. 


Drug Interactions: Phenothiazines are capable of 
potentiating CNS depressants (e.g., anesthetics, 
opiates, alcohol, etc.) as well as atropine and phos- 
phorous insecticides. The drug may induce a 
reversed epinephrine effect on occasion. 


For complete details, please see full prescribing 
information. 
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ALL PTFE GRAFTS \ 4 


| 


ARE NOT ALIKE... X 


The IMPRA super structure is completely open allowing for cellu- 
lar ingrowth across the entire graft wall. This feature minimizes 
problems associated with wrapped PTFE grafts.! 


IMPRA's unique one piece design provides the 
strength necessary to resist true dilitation2 
while eliminating incidents of fraying or 
unraveling of an outer wrap. 


Structure for patency... 
a logical solution to a 
complex problem. 
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BACTEROIDES 
NFECTIONS CAN BE 


IFE THREATENING. 


Sensitivity testing is always recommended prior to instituting 
-herapy with Chloromycetin (chloramphenicol). However, as 
ndicated in the prescribing information, in some situations it 
nay be necessary to administer Chloromycetin before sensitivity 
ests have been completed. 

“bacteroides may be implicated in a number of clinical 

ituations, including septic abortions, deep wounds, bacteremia, 
r metastatic or other abscesses in association with 


hromboembolic phenomena. 
The most prevalent microbial flora of man, Bacteroides are 





Anaerobic, aerointolerant, nonsporeforming, nonmotile, 
jram-negative bacilli. Under normal conditions, Bacteroides are 


»enign. However, in infectious situations, they can be extremely 
^irulent and are often present with other organisms. Their 
—o»resence may qo undetected. 
because Bacteroides infections are usually responsive to 
-hloromycetin (chloramphenicol) therapy, many authorities 
ecommend early treatment with Chloromycetin when the clinical 
mpression suggests a Bacteroides infection is present. In fact, 
wweuch therapy may well be the conservative course because the 
»enefit-to-risk ratio with Chloromycetin is very favorable. 





Chloromycetin must be used only in those serious infections 
«mor which less potentially dangerous drugs are ineffective or 
ontraindicated. 

here is a right time for CHLOROMYCETIN" Sodium Succinate 
hloramphenicol sodium succinate for injection, USP) 


PARKE-DAVIS 


Div ot Warner-Lambert Co 
Morris Plains, NJ 07950 USA 


=) 1980 Warner-Lambert Company 





Artist's interpretation of an inflamed, perforated colonic diverticulum adhering 
to the fundus of the uterus, viewed from within the peritoneal cavity. Early fistula 
formation and purulent exudate are evident. 


CHLOROMYCETIN 


SODIUM, SUCCINATE 
(CHLORAMPHENICOL SODIUM SUCCINATE 
FOR INJECTION, USP) 


CAN BE 
LIFE SUSTAINING. 





Prescribing Information ` 

Chloromycetin? Sodium Succinate 

^ tid dd sodium succinate for injection, 
For intravenous administration 


WARNING 
Serious and fatal blood dyscrasias (aplastic anemia, 
hypoplastic anemia, thrombocytopenia, and granulo- 
cytopenia) are known to occur after the administration 
of chloramphenicol. In addition, there have been 
reports of aplastic anemia attributed to chlorampheni- 
col which later terminated in leukemia. Blood dyscra- 
sias have occurred after both short-term and 
prolonged therapy with this drug. Chloramphenicol 
must not be used when less potentially dangerous 
agents will be effective, as described in the INDICA- 
TIONS section. /t must not be used in the treatment of 


trivial infections or where it is not indicated, as in colds, 
influenza, infections of the throat; or as a prophylactic 
agent to prevent bacterial infections. 

Precautions: It is essential that adequate blood 
studies be made during treatment with the drug. While 
blood studies sag i detect early peripheral blood 

e 


changes, such as leukopenia, reticulocytopenia, or 
granulocytopenia, before they become irreversible, 
such studies cannot be relied on to detect bone 
marrow depression prior to development of aplastic 
anemia. To facilitate appropriate studies and observa- 
tion during therapy, it is desirable that patients be 
hospitalized. 


IMPORTANT CONSIDERATIONS IN PRESCRIBING IN- 
JECTABLE CHLORAMPHENICOL SODIUM SUCCINATE 


CHLORAMPHENICOL SODIUM SUCCINATE IS INTENDED 

FOR INTRAVENOUS USE ONLY. IT HAS BEEN DEMON- 

Metis TO BE INEFFECTIVE WHEN GIVEN INTRAMUS- 
ULARLY. 


1. Chloramphenicol sodium succinate must be hydrolyzed to 
its microbiologically active form and there is a lag in 
achieving adequate blood levels compared with the base 
given intravenously 

2 The oral form of chloramphenicol is readily absorbed and 
acequate blood levels are achieved and maintained on the 
recommended dosage 

3 Patients started on intravenous chloramphenicol sodium 
succinate should be changed to the oral ‘orm as soon as 
practicable 


DESCRIPTION 

Chloramphenicol is an antibiotic that is clinically useful for, and 
should be reserved for, serious infections caused by organ- 
isms susceptible to its antimicrobial effects when less poten- 
tially hazardous therapeutic agents are ineffective or 
contraindicated. Sensitivity testing is essential to determine its 
indicated use, but may be performed concurrently with therapy 
initiated. on clinical impression that one of the indicated 
conditions exists (see INDICATIONS section) 

Each gram (10 mi of a 1096 solution) of chloramphenicol 
sodium succinate contains approximately 52 mg (2.25 mEq) of 
sod:um 


ACTIONS AND PHARMACOLOGY 

In vitro chloramphenicol exerts mainly a bacteriostatic effect 
on a wide range of gram-negative and grain-positive bacteria 
and is activein vitro against rickettsias, the lymphogranuloma- 
psittacosis group, and Vibrio cholerae. Chloramphenicol is 
particularly active against Salmonella typhi and Hemophilus 
influenzae. The mode of action is througn interference or 
inhibition of protein synthesis in intact cells and in cell-free 
systems 

Chloramphenicol administered orally is absorbed rapidly 
fromthe intestinal tract In controlled studies in adult volunteers 
using the recommended dosage of 50 mg/kg/day. a dosage of 
! g every six hours for eight doses was given. Using the 
microbiological assay method. the average peak serum level 
was 11.2 mcg/ml one hour after the first dose A cumulative 
effect gave a peak rise to 18 4 mcg/mlafter the fiftn doseof 1 g 
Mean serum levels ranged from 8 to 14 mcg/ml over the 48- 
hour period. Total urinary excretion of chloramphenicol in these 
Studies ranged trom a low of 68% to a high of 99% over a three- 
day period. From 8 to 12% of the antibiotic excreted is in the 
form of free chloramphenicol. the remainder consists of 
microbiologically inactive metabolites, principally the conju- 
gate with glucuronic acid. Since the glucuronide is excreted 
rapidly. most chloramphenico! detected in the blood is in the 
microbiologically active free form. Despite tne small proportion 
of unchanged drug excreted in the urine. the concentration of 
free chloramphenicol is relatively high. amounting to several 
hundred mcg/ml in patients receiving divided doses of 50 mg/ 
kg/day Small amounts of active drug are found in bile and 
feces. Chloramphenicol diffuses rapidly. but its distribution is 
not uniform Highest concentrations are found in liver and 
kidney. and lowest concentrations are found in brain and 
cerebrospinal fluid Chloramphenicol enters cerebrospinal 
fluid even in the absence of meningeal inflammation, appear- 
ing In concentrations about half of those found in the blood 
Measurable levels are also detected in pleural and in ascitic 
fluids, saliva. milk. and in the aqueous and vitreous humors 
Transport across the placental barrier occurs with somewhat 
lower concentration in cord blood of newborn infants than in 
maternal blood 


INDICATIONS 


In accordance with the concepts in the WARNING box and 
this INDICATIONS section, chloramphenicol must be used 
only in those serious infections for which less potentially 
dangerous drugs are ineffective or contraindicated. How- 
ever, chloramphenicol may be chosen to initiate antibiotic 
therapy on the clinical impression that one of the condi- 
tions below is believed to be present: in vitro sensitivity 
tests should be performed concurrently so that the drug 
may be discontinued as soon as possible if less potentially 
dangerous agents are indicated by such tests. The deci- 
sion to continue use of chloramphenicol rather than 





another antibiotic when both are suggested by in vitro 
studies to be effective against a specific pathogen should 
be based upon severity of the infection, susceptibility of 
the pathogen to the various antimicrobial drugs, efficacy of 
the various drugs in the infection, and the important 
additional concepts contained in the WARNING box above: 
1. Acute infections caused by Salmonella typhi* 
It is not recommended for the routine treatment of the 
typhoid carrier state 
2. Serious infections caused by susceptible strains in accor- 
dance with the concepts expressed above: 
a) Sa monella species 
b) H. influenzae. specitically meningeal infections 
C) Rickettsia 
d) Lymphogranuloma-psittacosis group 
e) Various gram-negative bacteria causing bacteremia 
meningitis, or other serious gram-negative infections 
f) Other susceptible organisms which have been demon- 
strated to be resistant to all other appropriate antimicro- 
bial agents 
3. Cystc fibrosis regimens 





“Inthe treatment of typhoid fever some authorities recommend 
that chloramphenicol be administered at therapeutic levels 
for 8to 10 days after the patient has become a'ebrile to lessen 
the possibility of relapse 


CONTRAINDICATIONS 
Chloramphenicol is contraindicated in individuals with a 
history of previous nypersensitivity and/or toxic reaction to it. /t 
must not be used in the treatment of trivial infections or where it 
IS not indicated, as in colds. influenza, infections of the throat 
or as a prophylactic agent to prevent bacteria! infection 

F PRECAUTIONS 

1 Baseline blood studies should be followed by periodic 
blood studies approximately every two days during therapy 
The drug should be discontinued upon appearance of reticulo- 
cytopenia. leukopenia. thrombocytopenia, anemia. or any 
other blood study findings attributable to chloramphenicol 
However. it should be noted that such studies do not exclude 
the possible later appearance of the irreversiole type of bone 
marrow depression 

2 Repeated courses of the drug should be avoided if at all 
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required to produce a cure with little or no risk of relapse of the 
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the recommended dosage to patients with impaired liver or 
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VERSE REACTIONS). Serum drug levels should be carefully 
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the total number of drug-associated dyscrasias. and (3) the 
total number of non-drug-assoc'ated dyscrasias 

In a report to the California State Assembly by the California 
Medical Association and the State Department of Public Health 
in January 1967. the risk of fatal aplastic anemia was estimated 
at ! 24 200 to 1 40.500 based on two dosage levels 

There have been reports of aplastic anemia attributed to 
ch oramphenicol which later terminated in leukemia 

Paroxysma! nocturnal hemogiobinuria has also been re- 
ported 
2. Gastrointestinal Reactions 

Nausea. vomiting. glossitis and stomatitis. diarrnea and 
enterocolitis may occur in low incidence 
3. Neurotoxic Reactions f 

Headache. mild depression, mental confusion. anc delirium 
have been described in patients receiving chloramphenicol 
Optic and peripheral neuritis has been reported usually 
folowing long-term therapy. If this occurs. the drug should be 
promptly withdrawn 
4. Hypersensitivity Reactions 

Fever. macular and vesicular rashes. angioedema urticaria 
and anaphylaxis may occur Herxheimer reactions have 
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surgical Management of Papillary and Follicular Carcinoma 


of the Thyroid 


WILLIAM B. FARRAR, M.D., MARC COOPERMAN, M.D., ARTHUR G. JAMES, M.D., F.A.C.S. 


The clinical outcome in 155 patients with papillary or follicular 
carcinoma of the thyroid gland operated on over a 25-year 
period demonstrated no difference in survival rates or incidence 
of recurrent tumor between those treated by total thy- 
roidectomy and those undergoing less than total thyroidec- 
tomy. However, the complication rate was statistically sig- 
nificantly higher in those undergoing total thyroidectomy. 
Partial thyroidectomy with lobectomy on the side of the tumor, 
resection of the thyroid isthmus, and simple excision of en- 
larged cervical lymph nodes, if present, appears to be equally 
effective and safer. 


HE APPROPRIATE SURGICAL treatment of papillary 
T and follicular thyroid cancer continues to be con- 
troversial. The controversy centers on whether total 
thyroidectomy is required for adequate treatment, or 
whether partial resection of the thyroid gland is 
sufficient. 

Advocates of total thyroidectomy cite the high 
incidence of multicentric foci in papillary and 
follicular tumors. Russell et al.,! reviewing whole 
thyroid gland sections, demonstrated the spread of 
tumor beyond the lobe containing the primary cancer 
in 8776 of the patients they studied. In order to 
eradicate all tumor completely, total thyroidectomy 
would be required. However, the clinical significance 
of these microscopic foci of tumor has not been clearly 
established. An extensive ablative operation for these 
small foci of tumor may be unnecessary, especially 
if the thyroid gland is suppressed by means of 
exogenous thyroid hormone. Another advantage of 
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Submitted for publication: June 2, 1980. 
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total thyroidectomy is the facilitation of the use of 
radioactive iodine for both scanning and treatment of 
persistent or recurrent tumor.* 

Other authors, however, contend that lobectomy 
and resection of the thyroid isthmus is adequate 
treatment for papillary and follicular tumors. Tollefsen 
et al.? reported a cancer recurrence rate of only 4.2% 
in remaining thyroid tissue following lobectomy. He 
concluded that the reported multicentric foci are of 
minimal clinical significance. Furthermore, total thy- 
roidectomy is accompanied by a significant post- 
operative morbidity rate, with reported complication 
rates as high as 30%, compared with minimal 
morbidity rates following lobectomy.* 

In order to determine whether total thyroidectomy 
is indicated in the treatment of papillary and follicular 
thyroid cancer, we retrospectively studied patients 
who underwent operative treatment for this disease at 
The Ohio State University Hospital during the past 
25 years. 


Patients and Methods 


Patients 


From 1952 to 1977, 155 patients underwent initial 
surgical treatment of papillary or follicular carcinoma 
of the thyroid gland. Patients undergoing operation for 
other histologic types of thyroid malignancy and pa- 
tients who had undergone their initial operations for 
papillary or follicular thyroid cancer at another institu- 
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TABLE 1. Operative Procedures 
Number of 
Type of Operation Patients 
Total thyroidectomy 29 
Partial thyroidectomy 
lobectomy 15 
lobectomy + isthmus 20 
lobectomy + nodes 2 
lobectomy + isthmus + RND 55 
(radical neck dissection) 
lobectomy + isthmus + partial 17 
lobectomy + isthmus + partial + RND 10 
bilateral partial F; 


tion were excluded from the study. Of the 155 patients 
included in the study, 124 (80%) had histologically 
diagnosed papillary carcinoma, and the remaining 31 
patients (20%) had a histologic diagnosis of follicular 
cancer. When histologic elements of both papillary and 
follicular cancer were present, the tumor was classified 
as papillary. Sixty-two patients (40%) had lymph node 
metastases proved at operation. No patient had distant 
metastases at that time. Histologic examination 
demonstrated multicentric foci of tumor in 41 patients 
(26%), while the remaining 114 patients had solitary 
tumors with no evidence of multicentricity. 


Operative Procedures 


Twenty-nine of the 155 patients were treated by total 
thyroidectomy, while a partial thyroidectomy was 
performed in 126 patients. The operations performed 
are listed in Table 1. Of the patients undergoing a 
partial thyroidectomy, a complete lobectomy was per- 
formed on the side of the tumor, either alone or 
with removal of the isthmus, in all but seven patients. 
Twenty-seven patients also had a partial lobectomy 
performed on the contralateral lobe. Enlarged cervical 
lymph nodes were removed in all patients either 
by formal radical neck dissection or simple excision, 
regardless of whether the primary tumor was treated 
by total or partial thyroidectomy. Of the 41 patients 
with multicentric tumors, 12 were treated by total 
thyroidectomy, and 29 patients were treated by partial 
thyroidectomy. 


Follow-up Data 


Follow-up information was obtained on all 155 pa- 
tients, either by direct patient contact, from the patients’ 
regular physician, or from The Ohio State University 
Tumor Registry. The follow-up period ranged from one 
to 25 years, with a mean of ten years. Seventy per 
cent of the patients have been followed for over five 
years and 4346 had been followed for over ten years. 
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Results - 
Survival Rates 


Corrected survival curves showing thyroid cancer- 
related deaths, comparing patients treated by total 
thyroidectomy and those treated by partial thyroidec- 
tomy, are shown in Figure |. The corrected survival 
rate was 92.6% in patients treated by total thyroidec- 
tomy and 90.496 in those patients treated by partial 
thyroidectomy. Statistical analysis showed no sig- 
nificant difference in survival rates between these two 
groups of patients. 

In patients with multicentric foci of thyroid car- 
cinoma, total thyroidectomy also failed to improve 
survival. Of 12 patients with multicentric disease 
treated by total thyroidectomy, one patient died of 
thyroid cancer, compared to one of 29 patients with 
multicentric disease treated by partial thyroidectomy. 

The presence of lymph node metastases at the time 
of operation did not significantly influence survival 
rates (Fig. 2). The corrected survival rate for patients 
with lymph node involvement was 87.7%, compared 
with 93.6% for patients without cervical node 
metastases. The difference in survival between these 
two groups was not statistically significant. 

The corrected survival rate was, surprisingly, al- 
most equal in patients with papillary cancer and 
those with follicular cancer (Fig. 3). The corrected 
survival rate was 92.3% in the 31 patients with follicular 
cancer, compared with 90.8% in the 124 patients with 
papillary tumors. No statistical difference in survival 
was demonstrated between these two groups. 


Recurrent Disease 


Total thyroidectomy also failed to lower the in- 
cidence of tumor recurrence. No difference in the 
incidence of recurrent thyroid cancer could be dem- 
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onstrated between patients treated by total and those 
by partial thyroidectomy. Tumor recurrence oc- 
curred in five of the 29 patients (17%) treated by total 
thyroidectomy and in 16 of the 126 patients (13%) 
undergoing partial thyroidectomy. Chi square analysis 
showed no significant difference between these two 
groups. 

No statistically significant difference in tumor recur- 
rence was present between patients with and without 
lymph node metastases at the time of operation. 
Tumor recurrence occurred in 7.1% of the patients 
with lymph node involvement, compared with 6.192 of 
the patients without lymph node involvement. 


Morbidity Rates 


Total thyroidectomy resulted in a significantly 
greater number of serious postoperative complica- 
tions than did partial thyroidectomy (Table 2). The 
overall complication rate in the 29 patients undergoing 
total thyroidectomy was 24.146. Six patients developed 


. postoperative hypoparathyroidism (21%), which was 


permanent in four patients (14%). One patient 
(3.4%) suffered permanent unilateral recurrent laryn- 
geal nerve damage. 

In contrast, the incidence of serious complications 
in patients undergoing partial thyroidectomy was only 
2.4%. Two of 126 patients (1.6%) became transiently 
hypoparathyroid, and one patient had permanent uni- 
lateral recurrent laryngeal nerve damage (0.8%). 

Chi square analysis showed that the higher com- 
plication rate following total thyroidectomy was 
highly statistically significant (p < 0.001). 


Discussion 


The data from this study clearly fail to support the 
need for total thyroidectomy in the treatment of 
papillary and follicular cancer of the thyroid gland. 
Total thyroidectomy failed either to increase survival 
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or to reduce the incidence of recurrent disease. The 
survival rate of patients treated by partial thyroidec- 
tomy was virtually identical to that of patients under- 
going total thyroidectomy, as was the incidence of 
tumor recurrence. The results of this study support the 
concept that microscopic foci of tumor in the con- 
tralateral lobe are not of important clinical significance. 
Of the patients in this series with proved multicentric 
disease in the resected surgical specimen, only one of 
29 treated by a partial thyroidectomy subsequently 
died of thyroid cancer. One of the 12 patients with 
multicentric disease treated by total thyroidectomy 
ultimately died from metastatic disease. 

This study supports the evidence cited by Crile? that 
total thyroidectomy is not necessary for successful 
treatment of papillary thyroid carcinoma. Of 273 pa- 
tients with papillary carcinoma treated by lobectomy 
or partial thyroidectomy and followed from five 
to 33 years, only one developed clinical evidence of 
recurrent disease in the remaining thyroid gland. 

The argument for total thyroidectomy would be 
strengthened if the procedure could be performed with 
no increased morbidity. This was not the case in our 
series. Total thyroidectomy had an incidence of serious 
postoperative complications that was ten times higher 


TABLE 2. Complications 











Number of 
Patients Per Cent 
Total thyroidectomy 

hypoparathyroidism 6/29 20.7 
recurrent nerve damage 1/29 3.4 
24.1 

Partial thyroidectomy 
hypoparathyroidism 2/126 1.6 
recurrent nerve damage 1/126 0.8 
2.4 
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than that with partial thyroidectomy. Twenty-four 
per cent of the patients treated by total thyroidectomy 
experienced serious postoperative complications, the 
most frequent of which was hypoparathyroidism, 
which occurred in 2146 of the patients. 

Atlie and associates have stated that the risk of 
hypoparathyroidism is not sufficient to avoid total 
thyroidectomy, citing an incidence of 3% in a personal 
series. However, the incidence of hypoparathyroidism 
in other reported series is considerably higher, and 
more consistent with our experience. In the absence 
of demonstrated improvement in survival or reduc- 
tion in the incidence of local recurrence following total 
thyroidectomy, the high incidence of hypoparathy- 
roidism which may result is difficult to justify. 

The majority of patients in this series undergoing 
less than total thyroidectomy were treated by com- 
plete lobectomy on the side of the primary tumor 
and resection of the thyroid isthmus. If enlarged 


cervical lymph nodes were present, they were re- - 


moved either by a simple excision (our current prac- 
tice) or formal radical neck dissection (which was done 
in the past). Only 34 of the 126 patients undergoing 
partial thyroidectomy had a partial resection of the 
contralateral lobe. We do not feel that routine partial 
resection of the lobe opposite the tumor is necessary 
unless palpable disease is present in that lobe. Even 
if bilateral tumor is present, total thyroidectomy need 
not be performed. Residual thyroid tissue following 
a partial thyroidectomy can be safely ablated with 
radioactive iodine without exposing the patient to the 
morbidity associated with total thyroidectomy. 

Based on this series, our current procedure of 
choice for papillary and follicular cancer is complete 
lobectomy on the side of the primary tumor and re- 
section of the thyroid isthmus. If enlarged cervical 
lymph nodes are present they are removed en bloc, 
although formal radical neck dissection is no longer 
considered necessary in the treatment of this disease. 
The contralateral lobe is carefully palpated at opera- 
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tion; subtotal lobectomy is not performed unless * 
palpable tumor is present. All patients are placed 
permanently on thyroid hormone replacement. 

The long-term follow-up data on these patients sub- 
stantiates the relatively good prognosis in papillary 
and follicular thyroid cancer. Our results do not justify 
total thyroidectomy in the treatment of these tumors, 
since equally good results both in terms of survival 
and prevention of tumor recurrence can be obtained 
by partial thyroidectomy without the significant mor- 
bidity that accompanies total thyroidectomy. 


Summary 


The results of surgical treatment of 155 patients with 
papillary and follicular thyroid cancer followed from 
one to 25 years were assessed retrospectively. Total 
thyroidectomy failed to improve survival rates or de- 
crease the incidence of tumor recurrence when com- 
pared to the results of partial thyroidectomy. Total 
thyroidectomy was associated with a 24% incidence of 
serious postoperative complications, compared with a 
2.4% complication rate following partial thyroidec- 
tomy. We conclude that total thyroidectomy is not 
indicated in the treatment of papillary and follicular 
thyroid cancer. 
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Stage lll Carcinoma of the Breast 


A Detailed Analysis 


A. A. FRACCHIA, M.D., J. F. EVANS, M.D., B. L. EISENBERG, M.D. 


A ten-year study of Stage III breast carcinoma has been re- 
viewed in detail. The single most dominant variable was 
axillary nodal involvement. Four hundred and thirty pa- 
tients had nodal metastases, 58 patients did not. Four hundred 
and thirty patients with axillary nodal involvement had five- 
and ten-year recurrence rates of 68 and 77%, while the sur- 
vival rates were 41 and 21%, respectively. Life span was 
influenced by extent of nodal disease, being best for those 
with micrometastases only, and worse for those with four or 
more positive nodes. Skin edema, infiltration, or ulceration 
in the positive node group were grave signs. Muscle invasion 
or node matting, however, did not appear to influence length 
of life. Postoperative prophylactic therapy did not appear 
to affect survival rates. Radiation therapy alone did not in- 
fluence either local recurrence or survival rates. Not enough 
time has elapsed to evaluate the results of postoperative 
chemotherapy. Patients who underwent oophorectomy and 
radiation therapy appeared to do better, but the number of 
patients was small. Of the 58 patients without nodal invasion, 
82% were alive at five years and 75% were alive at 10 years. 
Grave signs did not influence the survival rate in this group. 
While the majority of patients with Stage III carcinoma had 
unfavorable variables, there were some patients who dem- 
onstrated a low recurrence rate and a long survival time. 
Aggressive treatment should be designed to save those pa- 
tients who can be helped and to improve those patients 
whose life expectancy is limited. There is no place for timid 
initial treatment whether by operation or by irradiation. It 
must be given with intent to cure even though palliation 
is most often attained. 


HE EMPHASIS IN the recent medical literature! ? on 
T adenocarcinoma of the breast has been on earlier 
diagnosis and selection of patients for less extensive 
surgical procedures. This emphasis is not inappro- 
priate, but there remains, and probably will remain, a 
significant proportion of breast cancer patients whose 
disease will be diagnosed in a locally advanced stage 
without demonstrable distant metastases (i.e., Stage 
IHI). Despite efforts at education and screening, this 
unfortunate situation persists and these patients pre- 
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sent a greater problem in management than the group 
with "early" breast cancer. 

The traditional role of radical operative procedures 
in this group of patients has been questioned.* There- 
fore, the results of radical surgical treatment remains 
an important area of study. Recurrence and survival 
characteristics of these patients were analyzed over a 
ten-year period of time. The relevance of these find- 
ings to future treatment of patients with Stage III 
carcinoma and to design of clinical trials is discussed. 


Materials and Methods 


The case record of all patients with Stage III breast 
cancer listed in the Tumor Registry of Memorial 
Hospital presenting from January 1965 through De- 
cember 1974 were reviewed. Staging criteria used in 
this study were postsurgical treatment-pathologic param- 
eters identical to those outlined by the Union Inter- 
nationale Centre le Cancer (UICC) and American Joint 
Committee for cancer staging and end-results reporting 
(AJC) in 1972, with the exception that primary in- 
flammatory carcinoma is classified as Stage IV, as 
recommended in 1978. In contradistinction to the AJC's 
1978 recommendation, we have placed breast cancer 
patients who had chest wall fixation, breast edema, 
skin ulceration, resectable satellite skin nodules, skin 
invasion, or pectoral muscle fascia infiltration in Stage 
III.^ These "grave signs"? were analyzed for their 
affect on recurrence and survival. Therefore, our cri- 
teria for classification as Stage III is as follows: 


1) Primary tumor greater than 5 cm in its greatest 
dimension as measured in the pathology lab- 
oratory. 

2) Tumor of any size with: a) The presence of breast 
edema, infiltration of the disease in the skin, ' 
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Fic. 1. Stage III breast cancer patients with positive axillary nodes 
actuarial survival and recurrence curves. 


ulceration, or pectoral muscle/chest wall in- 
vasion of the disease. b) And/or the presence of 
matted or fixed metastatic lymph nodes in the 
axilla. 


The tests for significance levels are based on Bres- 
low's method for testing the equality of tumor recur- 
rence and survival distribution patterns. 


Results 


In the ten-year period studied, 488 patients with Stage 
II] adenocarcinoma of the breast were studied in detail. 
Patients with prior, subsequent, or simultaneous 
malignancies were excluded from this investigation. 


The first parameter studied was axillary nodal 
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FıG. 2. Survival comparisons for patients with involved axillary 
nodes actuarial survival curves. 
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metastases. As would be expected, 430 patients (88.1%) 
had histologically positive axillary lymph nodes. This 
group had a high recurrence rate and low survival rate. 
Overall survival rate at five years was 40.896 and at 
ten years the survival rate was 21.0% (Fig. 1). 

When the nodal status was examined in detail, the 
number of lymph nodes involved influenced survival. 
Those patients with less than four involved lymph 
nodes had a five-year survival rate of 50.0%, com- 
pared with a 35.2% survival rate in those patients 
who had more than four involved lymph nodes. Sim- 
ilarly, the ten-year survival figures were 23.0% and 
17.0%, respectively. A small number of patients (15) 
were identified who had only micrometastases in 
lymph nodes (less than 2 mm). They appeared to have a 
better ten-year survival rate (40.8%), but the numbers 
were too small to make meaningful comparisons 
(Fig. 2). The bulk of nodal disease alone, however, 
as manifested by matting or fixation to skin or chest 
wall, did not appear to influence the recurrence or sur- 
vival rates. The five-year survival rate in those patients 
with matted lymph nodes was 41.1%, versus a 38.9% 
survival rate for those patients whose invaded lymph 
nodes were not matted. The corresponding ten-year 
survival rates were 28.7% and 17.6%, and were not 
considered to be statistically different (Fig. 3). Next, 
those "grave signs’’ which classify a patient into 
Stage III, regardless of the tumor size or lymph node 
status were studied in those patients with involved 
axillary lymph nodes. The infiltration of carcinoma 
in the skin appeared to make an already grim prog- 
nosis even poorer. If infiltration was present, the 
five- and ten-year survival rates were 30.0 and 13.2%, 
respectively, as compared with 43.7 and 24.1% in 
the absence of skin infiltration. This difference was 
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FıG. 4. Effect of skin infiltration or ulceration on survival in Stage 
III patients with positive nodes. 


highly significant (p — 0.001, Fig. 4). Similarly, skin 
edema adversely affected the survival rates of those 
Stage III patients with involved axillary lymph nodes. 
The five- and ten-year survival rates in the patients 
with skin edema were 17.0 and 9.2%, as opposed to 
44.1 and 22.3% in those patients without skin edema. 
This was also significant (p — 0.001, Fig. 5). Sur- 
prisingly, invasion of the pectoral muscle did not 
influence survival rates in the patients with involved 
axillary lymph nodes. Although we assume an ad- 
verse effect on chest wall (ribs, intercostals, or ser- 
ratus) fixation, the number of patients with such 
lesions was too small to draw a conclusion (Fig. 6). 
The patients with Stage III carcinoma with no lymph 
node involvement were also studied in a similar 
manner. Although these 58 patients represent a rela- 
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Fic. 5. Effect of skin edema on survival in Stage III patients with 
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FıG. 6. Effect of muscle invasion or chest wall fixation on survival 
in Stage III patients with positive nodes. 


tively small percentage (11.9%) of the total sample of 
patients, some striking differences are apparent. First, 
although classified as having Stage III carcinoma, 
these patients had an excellent overall survival rate. At 
five years, 82.296 of the patients were still alive, and 
75.396 of the patients survived ten years (Fig. 7). 
Second, the grave signs did not have the same effect 
on survival rates in patients with negative axillary 
Iymph nodes as they did in the patients with positive 
axillary lymph nodes. Twelve patients had one or more 
grave signs. No patient had chest wall fixation 
and only one patient had carcinoma invasion of the 
pectoral muscle without at least one of the other grave 
signs. Their survival rate was compared, as a group, 
with those patients with negative axillary lymph 
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Fic. 7. Stage III patients with negative nodes actuarial survival 
and recurrence curves. 
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nodes who had no grave signs. As demonstrated in 
Figure 8, the presence of grave signs (which here really 
means skin edema or infiltration) in patients with large 
lesions but negative lymph nodes does not adversely 
affect recurrence or survival rates. 

Two other significant differences between this 
group and those with axillary lymph node metastases 
should also be noted. First, a higher percentage of 
histologic types other than infiltrating duct carcinoma 
is present. Eleven of the 58 patients (19%) had either 
papillary, lobular, or medullary carcinomas. How- 
ever, the survival rate in the 47 patients with infiltrat- 
ing duct carcinomas was also excellent. Second, of the 
patients without axillary lymph node invasion in whom 
estrogen receptor assays were done, ten of 11 (91%) 
were estrogen receptor positive (ERP). In a small 
group of patients with involved axillary lymph nodes, 
the estrogen receptors were positive in only 48% of 75 
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Fic. 9. Effect of prophylactic postoperative therapy on Stage III 
patients with positive nodes. Survival curves. 
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patients. The favorable prognosis in the group of pa- 
tients with no lymph node involvement correlates 
well with estrogen receptor positivity. 

Standard radical mastectomy was the surgical pro- 
cedure of choice in patients with Stage III breast car- 
cinoma. At times the responsible physician elected to 
give postoperative prophylactic (adjuvant) radiation 
therapy. This was usually 4000—5500 rads given in 
"Hockey Stick portals" to the supraclavicular and 
internal mammary regions. The practice of performing 
prophylactic oophorectomy had essentially been 
abandoned by this time, because it had shown no 
improvement in survival rates." * Adjuvant chemo- 
therapy had not been administered to a sufficient 
number of patients during this study to provide any 
meaningful five-year follow-up data. In comparing the 
group of patients who had postoperative irradiation 
with the group who had no postoperative irradiation, 
there was no change in survival rates. The patients 
treated by irradiation had five- and ten-year survival 
rates of 34.3 and 13.0%, as opposed to 43.0 and 27.1% 
for the untreated group of patients. These differences 
were not significant (Fig. 9). Strangely, the incidence 
of local recurrence was not reduced by postopera- 
tive irradiation (Fig. 10). 


Discussion 


The treatment of locally advanced adenocarcinoma 
of the breast is currently changing. In selecting a 
form of ancillary postoperative therapy, initial sites of 
recurrences or metastases must be considered. As 
Figure 11 shows, the site of initial recurrence is more 
frequently systemic (bone, viscera, and multiple areas) 
than local. Trials with some form of systemic chemo- 
therapy would, therefore, appear more beneficial than 
regional treatment. A major factor to be considered 
in designing such trials is that the staging does not 
always correlate with the prognosis. For example, we 
have identified a subgroup of patients (those with nega- 
tive axillary lymph nodes) with Stage III breast car- 
cinoma whose prognosis is better than a significant 
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number of patients with Stage II disease, and ap- 
proaches the prognosis of some patients with Stage I 
disease. At the other end of the spectrum is a group 
of patients (large primary tumors with skin edema or 
infiltration and positive axillary lymph nodes) whose 
ten-year survival rate of 9— 13% is relatively poor, but 
Is better than those patients with Stage IV breast car- 
cinoma.'^ These findings create two problems. First, 
it is clear that adjuvant therapy (cytotoxic or endocrine 
manipulation), designed to treat all these patients, 
might either overtreat those patients with a good 
prognosis or undertreat those patients with a poor 
prognosis. Adjuvant therapy with drugs that are more 
effective but are often associated with potential 
irreversible side effects, such as doxorubin HCl, seems 
justified in this latter group. In addition, adjuvant 
forms of endocrine manipulation need to be tested, 
particularly in those patients with positive estrogen 
receptors. Efforts should also be directed toward 
identifying the 20-30% of the patients in the negative 
lymph node group whose carcinoma recurs and who 
might benefit from less toxic adjuvant therapy. Steroid 
hormone receptor assays, immunologic evaluation, 
tumor associated serum antigens, or histologic criteria 
(such as lymphatic invasion) should be investigated 
for such prognostic value. 

The second problem created by this lack of cor- 
relation between stage and prognosis relates to the 
interpretation of the results of clinical trials. It is pos- 
sible that the differences to be detected between 
treated and untreated controls in a prospective, 
randomized trial may be small, yet medically sig- 
nificant. If the treated or untreated group is com- 
pared with a group of patients with a better prognosis, 
the conclusions drawn may be erroneous. In addition, 
small differences noted on one study might be in- 
apparent in another study, whose treatment groups 
were not strictly comparable. This would lead to 
contradictory or equivocal information. The overall 
ten-year survival rate in our study, for example, could 
be changed from 20% to 27% merely by the inclusion 
of those patients who had no axillary lymph node 
metastases, which constitute only 12% of the total 
sample. Therefore, a plea is made to separate these 
subgroups of patients so that we can intelligently 
compare the results of different methods of treatment. 

In identifying such subgroups of patients, numerous 
factors correlate with prognosis. The dominant factor, 
in our study, however, was the status of the axillary 
lymph nodes. Carcinoma invasion into the pectoral 
muscle does not appear to worsen the prognosis in 
those patients with axillary lymph node involvement, 
assuming that the local therapy is adequate. Although 
infiltration of the skin by the disease or edema appear 
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to adversely affect prognosis in those patients with 
lymph node involvement, they do not signify more 
advanced disease in those patients without lymph node 
involvement. The finding of skin edema or infiltration 
per se, therefore, should not be a sufficient criterion 
to classify a patient's carcinoma as Stage III. 

In selecting a form of primary treatment for Stage 
III breast carcinoma, the choice is between irradia- 
tion or radical mastectomy. A common characteristic 
of Stage III breast carcinomas is that they are usually 
large. The irradiation employed must be intense with 
an added booster dose to the tumor. Interstitial 
irradiation is sometimes added and irradiation of 
the tumor approaches at times 8000, 9000 and 10,000 
rads. Because of these high doses of radiation, marked 
reactions occur, with inflammation and soft tissue 
necrosis being the most common. Underlying pul- 
monary fibrosis, rib fractures, and brachial plexus 
neuropathies are not uncommon. All this could be set 
aside were the results similar. Primary irradiation for 
Stage III breast carcinoma has been reported by 
Bruckman et al.'' to result in a 25% five-year survival 
rate and reported by Rubens" to result in a 13% five 
year survival rate. In our total series of Stage III breast 
carcinomas treated by radical mastectomy with or 
without supplementary irradiation, we attained a 45% 
five-year survival rate, which is almost twice the re- 
ported figure. Primary operative therapy, therefore, 
appears to be preferable. 

The 25% local recurrence rate following radical 
mastectomy in the group of patients with positive 
axillary lymph nodes leaves sufficient room for im- 
provement in the treatment of these patients with ad- 
vanced primary lesions. This relatively high incidence 
was not significantly altered by the type of post- 
operative irradiation used in this group of patients. - 
However, it must be stated that these patients were 
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not randomly selected and, it may be that patients 
with the worst prognosis were chosen for postopera- 
tive radiation therapy. Another possible explanation is 
that the postoperative radiation technique of " Hockey 
Stick portals" used in this series entraps cancer cells 
left behind on the chest wall following radical 
mastectomy. These cancer cells, blocked by the sear- 
ing effect of supravoltage therapy to supraclavicular 
and internal mammary areas, were delayed from dis- 
seminating and were forced to grow upward, increas- 
ing the incidence of local recurrence. When this was 
recognized in 1974, tangential portals to the chest wall 
were incorporated in treatment planning. 

The reason for this high incidence of local failure and 
the influence of still other methods of treatment need 
to be further studied, as this can frequently become 
the most significant management problem in the patient 
with recurrent, advanced disease. 
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m UT 
half the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain? 

Synalgos-DC contains dihydro- 
codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
D status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 
Dual-action Synalgos-DC 
takes pain off the mind and 
the mind off pain. 


3 mm | 
[| ! 


s of the problem... 


“INDICATIONS: Based on a review of this drug by 
the National Academy of Sciences—National 
Research Council and/or other information, 
FDA has classified the indications as follows: 

“Possibly” effective for the relief of moder- 
ate to moderately severe pain in those situa- 
tions where the physician wishes to add a mild 
sedative effect. 

Final classification of the less-than-effective 
indications requires further investigation. 


CONTRAINDICATIONS: Hypersensitivity to dihydro- 


codeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with extreme 
Caution in the presence of peptic ulcer or coagulation 
abnormalities. 

Drug Dependence: Dihydrocodeine can produce 
drug dependence of the codeine type and therefore 
has the potential of being abused. Psychic depen- 
dence, physical dependence, and tolerance may 
develop upon repeated administration of dihydroco- 


deine, and it should be prescribed and administered 
with the same degree of caution appropriate to the 
use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, dihy- 
drocodeine is subject to the provisions of the Federal 
Controlled Substances Act. 
Usage in Ambulatory Patients: Dihydrocodeine and 
promethazine may impair the mental and/or physi- 
cal abilities required for the performance of poten- 
tially hazardous tasks such as driving a car or 
operating machinery. The patient using Synalgos-DC 
should be cautioned accordingly. 
Interactions with Other Central Nervous System 
Depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phenothiazines, 
tranquilizers, sedative-hypnotics, or other CNS 
depressants (including alcohol) concomitantly with 
Synalgos-DC may exhibit an additive CNS depres- 
sion. When such combined therapy is contemplated, 
the dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersensi- 
tivity reaction (eg, blood dyscrasia, jaundice) with a 


yndlgos- 
Capsules 


May be habit-forming), promethazine hydrochloride 6.25 mg, 
aspirin 194.4 mg, phenacetin 162 mg, caffeine 30 mg 


Drocode (dihydrocodeine) bitartrate 16 mg (Warning: 


phenothiazine should not be re-exposed to any phe- 
nothiazine, including Synalgos-DC, unless in the 
judgment of the physician the potential benefits of 
the treatment outweigh the possible hazards. 

Usage in Pregnancy: Reproduction studies have not 
been performed in animals. There is no adequate 
information on whether this drug may affect fertility 
in human males and females or has a teratogenic 
potential or other adverse effect on the fetus. 

Usage in Children: Since there is no experience in 
children who have received this drug, safety and 
efficacy in children have not been established. 
PRECAUTIONS: Phenacetin has been reported to 
damage kidneys when taken in large amounts for a 
long time. 

Promethazine should be administered cautiously 
to patients with cardiovascular or liver disease. 
Synalgos-DC should be given with caution to certain 
patients such as the elderly or debilitated, and those 
with hypothyroidism, Addisen's disease, and pros- 
tatic hypertrophy and urethral stricture. 

ADVERSE REACTIONS: The most frequently observed 


reactions include light-headedness, dizziness, 
drowsiness, sedation, nausea, vomiting, constipa- 
tion, pruritus, skin reactions, and rarely, hypotension. 
DOSAGE AND ADMINISTRATION: Dosage should be 
adjusted according to the severity of the pain and the 
response of the patient. Synalgos-DC is given orally. 
The usual adult dose is two capsules every 4 hours as 
needed for pain. 
DRUG INTERACTIONS: The CNS depressant effects of 
Synalgos-DC may be additive with that of other CNS 
depressants. 

See Warnings. 

Aspirin may enhance the effects of anticoagulants 
and inhibit the uricosuric effects of uricosuric agents. 


Consult complete product information before 
prescribing. 


IVES LABORATORIES INC. 


685 Third Avenue, New York, NY 10017 


Dedicated to improving the quality 
of life, through Medicine” E 









Specialized 
step by step 





Plastic Surgery 





A new and unique photographic atlas that covers breast re- 
duction, augmentation and reconstruction. Through careful 
correlation of text and illustrations, this valuable atlas takes 
the reader step-by-step from anatomy of the breast through 
specific clinical problems and corrective procedures to the 


surgical techniques 








of the Female Breast 


By R.C.A. Weatherley-White, M.D. / 5 Contributors. 


psychiatric and legal implications of breast surgery. For 
each problem there is discussion of its history, contem- 
porary procedures, possible complications, and the author's 
procedure of choice. 208 Pages. 375 Illustrations. 14-26303. 
1980. $37.50 





Postcholecystectomy Syndromes 


A Clinical Approach to Etiology, Diagnosis, and Management 


By Clarence J. Schein, M.D. 


"The differential diagnosis related to the postcholecystec- 
tomy syndrome is thoroughly examined. Cholangiography, 
biliary manometry, choledochoscopy, endoscopic retro- 
grade procedures, transhepatic injections, and ultra- 
sonography are described, illustrated, and critically 
evaluated. There is a concluding section of 25 apposite case 


studies, each followed by an ‘epicrisis’ summarizing the 
lesson. Almost any reader will be instructed by this useful 
treatise.” Annals of Internal Medicine. ‘This book is strongly 
recommended for general surgeons ...’’ The Lancet. 264 
Pages. 155 Figures. 14-23375. 1978. $32.50 





A Method of Proctology 


By James H. MacLeod, M.D., F.R.C.S.(C), F.A.C.S. 


Clear and concise, yet comprehensive, this profusely il- 
lustrated volume presents practical methods for the suc- 
cessful management of anorectal diseases. Detailed line 
drawings clarify the site and condition of such disorders as 


East Washington Square, P.O. Box 1430, Philadelphia, Pa. 19105 


ED Harper & Row, Publishers, Inc. — 


; Plastic Surgery of the Female Breast (14-26303), $37.50. 
| Postcholecystectomy Syndromes (14-23375), $32.50. 
A Method of Proctology (14-15710), $29.50. 


| Please send me the following: 


"The law requires that we collect state sales taxes where applicable. 
Please include the prescribed amount with your payment. 


Prices U.S.A. only and subject to change without notice. 


hemorrhoids, anal crypts and papillae, anorectal abscess 
and fistula, pruritus ani, continence and incontinence, 
pilonidal disease, fecal impaction, and carcinoma of the rec- 
tum. 794 Pages. 96 lllustrations. 14-15710. 1979. $29.50 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


* bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species.” including burns 
Nebcin is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 







serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 


Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


ques | The proximal tubule 

The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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Nebcin 


tobramycin sulfate 





Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potentia! for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected rena! 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosege adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administeredto 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurariné. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If cvergrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 





Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising . 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides — I.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature * To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6X serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


ml/dose* 


Usual Dose for 
Serious Infections 
For Patient 
Weighing 
kg Ib 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 


5 mil 
4.75 ml 
4.5 ml 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied) 


How Supplied: Ampoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks'" (multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets® (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 


Indianapolis, Indiana 46206. 


800646 


Eli Lilly Industries, Inc. 
Carolina, Puerto Rico 00630 
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DEEP VEIN THROMBOSIS 
. DIAGNOSIS--AND MORE 
A NEW W&scutas; MODALIT Y 


SPG-1 


STRAIN GAUGE 
PLETHYSMOGRAPH 





CLINICAL APPLICATIONS: 


MedaSonics Model SPG-16 Strain Gauge Plethysmograph 
system provides a simple, noninvasive and readily portable 
method of testing a patient for the presence of Deep Vein 
Thrombosis (D.V.T.). 


The Strain Gauge (SG-33) is attached to the calf and the sys- 
tem senses and records percentage changes in the volume of 
the limb caused by variations in blood volume. 


When venous return flow is blocked by a conventional pres- 
sure cuff, inflated to approximately 50 mm pressure, the 
volume of the leg increases. This change is sensed and re- 
corded. When the cuff pressure is quickly released, the rate 
of fall is recorded and measured. Maximum Venous Outflow 
(M.V.O.) is easily calculated and blockage of venous out- 
flow is readily detected. Another application is the assess- 
ment of chronic venous insufficiency by suitable venous 
reflux tests. 


The Strain Gauge Plethysmograph is also used to study 
arterial flow, particularly in the toes for pulse reappearance 
times and blood pressure. 


THE SYSTEM: 


Two channels are provided to permit simultaneous measure- 
ment and recording from two appendages using the Meda- 
Sonics Model R12A Chart Recorder or a similar recorder. 
Both legs, for example, may be studied at one time without 
moving gauges from one leg to the other, or a digit and leg 
may be observed and recorded simultaneously. 


The strain gauges consist of a sealed double strand of sili- 


cone tubing filled with an electrically conductive alloy." 
The tubing is supported and secured with a band of Velcro. 
Due to innovative design, only four sizes are needed: 6 cm, 
24 cm, 33 cm, and 50 cm. 


MORE INFORMATION: 


For more information, including references and prices, or 
to arrange for a demonstration, call our toll-free number 
(800) 227-8076 or fill in the following blank form and send 
it to our Customer Service Department. 

* Patent Applied For 


NAME 
HOSPITAL/GROUP 
ADDRESS 


CITY/STATE/ZIP 


MEDA RONS 


340 Pioneer Way, P. O. Box M 

Mountain View, California 94042 
Toll-free telephone: 800 227-8076 

In California call collect: (415) 965-3333 
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Because they have different respiratory goals, 
they need different 
incentive > breathing exercises. 





/ That's why they shares NSW 
/ the sameSPIROCARE.^ ~ 


UP AR therapy is designed to prevent postoperative pulmonary compli- x 
cations, and sustained maximal inspiratory maneuvers have been shown to 
accomplish this objective!? Among the systems designed to aid the respira- 
tory therapist in encouraging sustained maximal inspirations, none is more 
cost- and patient-effective than the SPIROCARE® Incentive Breathing 
Exerciser. 


Three selectable volume ranges provide customized therapy. 
The goal-oriented design encourages the patient's involvement in his own 
recovery. 


And a unique disposable flowtube eliminates the danger of cross- 
contamination. 


Consider the 
SPIROCARE Incentive Breathing Exerciser 


...I£ can be tailored for the needs of each patient. 


1. Bartlett RH, t— AB, Geraghty TR: Respiratory Another Er pen benefit product from 
maneuvers to prevent postoperative pulmonary complica- MARI ON 
tions. A critical review. JAMA 224:1017-1021 (May 14) 1973. 

2. Fried JL: An evaluation of therapy to prevent postoperative M|M 


: : MARIS INC. 
atelectasis. Respiratory Therapy 7:55-56 (May/June) 1977. 
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Deliberate Donor-specific Blood Transfusions Prior 
to Living Related Renal Transplantation 


A New Approach 


OSCAR SALVATIERRA, JR., M.D., FLAVIO VINCENTI, M.D., WILLIAM AMEND, M.D., DONALD POTTER, M.D., 
YUICHI IWAKI, M.D., GERHARD OPELZ, M.D., PAUL TERASAKI, PH.D., ROBERT DUCA, B.A., KENT COCHRUM, D.V.M., 
DEANNE HANES, PH.D., RONALD J. STONEY, M.D., NICHOLAS J. FEDUSKA, M.D. 


In order to select MLC incompatible one-haplotype related 
donor-recipient pairs that would achieve better graft survival 
and in an effort to alter the recipient immune response, 45 
patients received three fresh blood transfusions from their 
prospective kidney donors. Recipient sensitization was evalu- 
ated by cross-match testing weekly sera obtained during and 
after the blood transfusions against donor T- and B-lympho- 
cytes at 5 C (cold) and 37 C (warm). Thirteen (29%) of the 45 
potential related recipients developed a positive warm T-cell 
cross-match or a persistent warm B-cell cross-match to their 
blood donor and related transplantation was not performed. 
Thirty-two (71%) patients had an appropriate negative cross- 
match to their blood donor. Thirty of these patients subse- 
quently received kidneys from their blood donor. Ninety-seven 
per cent of the kidneys are functioning from one to 25 months 
with a single graft failure due to a patient discontinuing im- 
munosuppressive medication. In addition to the excellent graft 
survival there was an unusually low incidence of rejection epi- 
sodes in the recipients of kidneys from their blood donor so 
that the posttransplant course paralleled that of HLA-identical 


-siblings. This approach may have future application with two- 


haplotype mismatched donor-recipient pairs, both related and 
unrelated. 


UR CENTER! AND OTHERS!” have previously dem- 
O onstrated that graft survival in one-haplotype 
matched related recipients with a high mixed lympho- 
cyte culture (MLC) index is similar to that obtained 
with cadaver transplants. Improved future results in 
disparate living-related donor-recipient pairs will prob- 
ably depend on some new approach, rather than on 
greater nonspecific immunosuppression with its at- 
tendant risk of increased patient morbidity and mortal- 
ity. In order to select potentially successful transplants 


Presented at the Annual Meeting of the American Surgical 
Association, Atlanta, Georgia, April 23-25, 1980. 

Reprint requests: Oscar Salvatierra, Jr., M.D., 884 M, University 
of California, San Francisco, California 94143. 


From the Transplant Service, Department of Surgery, 
University of California, San Francisco, and the 
UCLA Tissue Typing Laboratory, Los Angeles, California 


from among immunologically disparate related recipi- 
ents, a pretreatment protocol with deliberate donor- 
specific blood transfusions was initiated at the Univer- 
sity of California, San Francisco (UCSF ) two years ago. 

Since donor blood transfusions given to recipients 
before renal allografting might result in sensitization 
to the donor and subsequent hyperacute rejection, 
clinicians previously were hesitant to employ this tech- 
nique in human renal transplantation. Recent reports 
stated that deliberate transfusions with donor-specific 
blood was never used?* and could not be justified .?" 
Rationale for our trial was based on multiple factors, 
both experimental and clinical. Past animal studies have 
shown that prolonged renal allograft survival could be 
obtained by actively conditioning the host with fresh 
donor blood at varying intervals prior to organ graft- 
ing.**? In addition, there was remarkable clinical suc- 
cess reported with intermittent pretransplant injections 
of donor lymphocytes in four recipients," and in a 
patient with long-term graft function following retro- 
spective discovery of two pretransplant blood trans- 
fusions from the parent donor.'* Our findings of a salu- 
tary effect of random pretransplant blood transfusions 
in immunologically disparate living-related recipients! 
encouraged us to pursue a trial of donor blood pre- 
treatment in human living-related transplantation. 

This report represents the results of a deliberate 
donor-specific blood transfusion protocol instituted at 
UCSF, 14 years after the initial report by Halasz* show- 
ing the effectiveness of donor blood as a conditioning 
agent in laboratory animals. 
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Patients and Methods 


Forty-five one-haplotype matched related donor-re- 
cipient pairs (sibling or parent-child) were prospec- 
tively selected for the donor-specific blood transfusion 
(DST) protocol on the basis of an MLC with a high 
stimulation index (SI = 7), Rh compatibility, negative 
direct cross-match, and an acceptance of the potential 
risks of sensitization and transfusion reaction. All 
donor-recipient pairs selected were highly motivated 
and well-informed. The two-way MLC technique has 
been the same procedure prospectively used at this 
center for all potential living related donor-recipient 
pairs since 1972 and has been previously reported.? 

The DST procedure involves administration of ap- 
proximately 200cc of fresh (within 24 hours) whole 
blood or packed cell equivalent on three separate oc- 
casions at approximately two-week intervals. Immuno- 
suppression was not given during and after the trans- 
fusion period, but was initiated two days prior to trans- 
plantation. Slight variation in the amount of blood 
administered and in the interval of administration were 
dependent upon regional blood bank preferences in 
obtaining subunit amounts of blood and on logistics in 
obtaining satisfactory transfer or mailing of blood from 
geographically distant potential donors. 

Potential recipient sensitization against a donor was 
closely monitored by cross-match testing of weekly 
recipient sera obtained during and after the blood trans- 
fusion period until the time transplantation was per- 
formed. In general, the sera collected until two to three 
weeks after the last transfusion were tested at one time 
against freshly-obtained donor cells. On the basis of 
these results a determination was made whether to 
proceed with medical donor evaluation and scheduling 
of the prospective renal transplant. All subsequent 
weekly sera, including sera obtained immediately prior 
to transplantation, were tested again against fresh donor 
cells on the day prior to transplantation. The cross- 
match testing was performed against isolated donor 
T- and B-lymphocytes at 5 C (cold) and 37 C (warm). 
Weekly sera were also screened by the UCLA Tissue 
Typing Laboratory in double blind fashion against a 
random panel of 30 unrelated donors for cold B-, warm 
B-, and warm T-cell cytotoxic antibodies. 

Transplantation was performed only if the cross- 
match at 37 C was negative to isolated T- and B-cells. 
Time of transplantation varied from two weeks to six 
months after the last transfusion, with most patients 
transplanted approximately three to six weeks after 
the last transfusion. 

The course of the grafted kidney was closely moni- 
tored by serial serum creatinine testing and 1-131 hip- 
purate scintiphotographic studies. The renal scans were 
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performed at 24 hours after transplantation and on ` 
any suspicion of possible rejection crisis. 

Immunosuppression was the same uniform therapy 
used for all living-related recipients since September, 
1972, and consisted of azathioprine and prednisone, 
as previously described.'* Azathioprine and prednisone 
were initiated two days before the scheduled renal 
transplant. Therapy for rejection consisted of increased 
oral daily prednisone to a maximum dosage of 3 mg/kg, 
unless the clinical situation warranted a lower dosage. 

Graft loss was dated as of the time of loss of renal 
function requiring return to chronic dialysis or trans- 
plant nephrectomy. Patient death from any cause was 
included as a graft loss. Percentage graft survival was 
calculated by actuarial methods! and is expressed as 
percentage survival + standard error (SE). When com- 
parisons were made between groups, the chi square 
test was used to evaluate statistical significance." When 
evaluating bivariate correlations, Pearson's r was com- 
puted. Means are expressed as +SE. 


Results 


The mean MLC stimulation index for the 45 donor- 
recipient pairs who completed DST was 18.8 + 2. 
Thirty-two (71%) DST patients were accepted as po- 
tential recipients for a kidney from their blood donor 
on the basis of a negative warm T-cell cross-match on 
the multiple serial specimens and in absence of a per- 
sistent warm B-cell cross-match. Three of these pa- 
tients demonstrated transient positive warm B-cell 
cross-match activity, but this was not present on the 
several weekly samples immediately prior to trans- 
plantation. In addition, six patients showed a transient 
positive cold B-cell cross-match, which did not con- 
traindicate subsequent transplantation. 

Thirty of the 32 patients have received kidneys from 
their blood donor. Two of the 32 patients were not 
transplanted from their blood donor because findings 
on the medical evaluation of the potential donor con- 
traindicated renal donation. These included asympto- 
matic bilateral renal artery fibromuscular dysplasia in 
one patient and an unsatisfactory creatinine clearance 
in another. These two patients subsequently received 
and have normally functioning cadaver kidneys. 


Outcome of Transplantation from the Blood Donor 


The 30 DST patients receiving kidneys from their 
blood donor range in age from 7-54 years and include 
11 (37%) insulin-dependent juvenile diabetics. The 
mean follow-up is 7.1 + 1.1 months. 

Hyperacute rejection has not occurred, and 1-131 
hippurate scintiphotographic studies 24 hours after 
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Donor 
HLA-A & B HLA-A2 
Per Cent Locus Mismatch 
Mean Age Per Cent Diabetic Antigens (No. 
( Years) Male Patients Matched Patients) MLC SI 
With DST (n = 23) 27 +3 52 35 2.3 2%! 4 18.9 + 2.0 
Without DST 
l-haplotype match 
high MLC* (n = 34) 2] eZ 59 27 2,1 = 9.1 0 11.4 + 0.7 
low MLCT' (n = 74) 30 + 2 58 7 245 € 0,1 l 2.2 3 OS 
HLA-identical (n = 69) 32 + 4 49 9 4.0 + 0.0 0 1.3 + 0.1 
»Sdwl TNR vx 


transplantation have all shown good renal uptake of 
the isotope with satisfactory excretory function. There 
were no technical complications. Twenty-nine of the 
30 kidneys (97%) are presently functioning from one to 
25 months after transplantation. The single graft loss 
was a diabetic patient who discontinued immunosup- 
pressive medication at two and one-half months follow- 
ing transplantation. Graft function, however, did not 
rapidly deteriorate, and dialysis was not required until 
three and one-half months after transplantation. 

Comparison was made of the 23 consecutive DST 
recipients followed at least three months with the other 
consecutive related recipients transplanted since Sep- 
tember, 1972, when a uniform immunosuppressive 
protocol was adopted. No patients were excluded. The 
living-related recipient categories were well defined on 
the basis of prospective family tissue typing and MLC. 
Table 1 assesses comparability of patient groups and 
shows an apparent higher risk in the DST recipients 
because of the higher incidence of insulin-dependent 
juvenile diabetics, HLA-A2 mismatches, and the higher 
MLC SI. The DST recipient received a mean of 631 
+ 34cc of donor blood with a mean period of 1.7 
+ 0.2 months from the time of last transfusion until 
transplantation. 

Table 2 shows three-month and one-year graft sur- 
vival rates for these same living-related groups. The 
graft survival results in the DST group are similar to 


TABLE 2. Per Cent Graft Survival 


3-Month l- Year 
With DST (n = 23) 100 94 + 5* 
Without DST 
l-haplotype match 
high MLC (n = 34) 65+ 8 56 + 9*1 
low MLC (n = 74) 90 + 3 89 + 4t 
HL A-identical (n = 69) 99 + | 96 + 2 
* p < 0.005. 
t p < 0.0006. 


Dialysis 
Time 
(Months) 


+72 


N 


I+ + I+ 


N — 


Per Cent Patients 
With Non-DST 
Pretransplant 
Blood 
Transfusions 


65 


those achieved with HLA-identical siblings. The mean 
serum creatinine of those patients with functioning 
grafts at three months are 1.3 + 0.1 mg/dl for all re- 
cipients in the DST group, and 1.6 + 0.2 mg/dl, 1.3 
+ 0.1 mg/dl, and 1.5 + 0.2 mg/dl, respectively, for the 
one-haplotype high MLC, one-haplotype low MLC, 
and HLA-identical groups. 


Rejection Episodes 


Only 11 (37%) of the 30 patients receiving kidneys 
from their blood donor have thus far experienced a 
rejection episode. The incidence of rejection episodes 
occurring during the first three months following trans- 
plantation was evaluated and comparison made between 
the 23 DST recipients followed a minimum of three 
months and the other living-related patient groups 
(Table 3). There was an unexpected early appearance 
of an acute rejection episode in the ten DST recipients 
who experienced such an episode within the first three 
months after transplantation. Rejection was first evi- 
dent at 6.9 + 1.7 days (range: 1—20 days) following 
transplantation in the DST recipients experiencing such 
an episode (Fig. 1), compared to 11.4 + 2.1 days in the 
one-haplotype high MLC recipients, 15.7 + 1.7 days 
in the one-haplotype low MLC recipients, and 25.4 
+ 2.3 days in the HLA-identical recipients. Two DST 
patients required dialysis during rejection therapy, but 
in both patients the creatinine returned to prerejection 
levels and there was always good isotope uptake by the 


TABLE 3. Recipients with Rejection Episodes at Three Months 


With DST (n = 23) 
Without DST 


l-haplotype match 
high MLC (n = 34) 
low MLC (n = 74) 

HLA-identical (n = 69) 


* p < 0.006. 
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Fic. 1. Time of onset vs. 
severity of first rejection 
episode in the ten DST pa- 
tients experiencing a rejec- 
tion episode during the first 
three months posttransplant. 
Creatinine increase is meas- 
ured from the lowest creati- 
nine obtained immediately 
prior to diagnosis and treat- 
ment of rejection. r = —0.62, 


p < 0.03. 
cal 
| ee) ee 
10 20 90 


DAYS POST TRANSPLANT 


kidney on 1-131 hippurate renal scintiphotography. In 
the other eight patients, the rejection episode was mild 
and easily reversed, with an increase in creatinine from 
0.6 mg/dl to 5.1 mg/dl (mean: 1.8 + 6 mg/dl) from pre- 
rejection levels. In fact, creatinine elevation was equal 
to or less than 0.7 mg/dl in five patients. No patient 
required dialysis in the absence of rejection. 

Administered donor-specific blood was either whole 
blood or packed cells. Neither form appeared to be 
more favorable in avoiding rejection episodes, which 
occurred in six of 13 patients receiving whole blood, 
three of seven receiving packed cells, and in one of 
three patients receiving a combination of whole blood 
and packed cells. 

Four patients have experienced a second rejection 
episode. One is the patient with the highest current 
creatinine in the series (2.6 mg/dl), and Figures 2 and 3 
represent the biopsy taken from this diabetic recipient 
two and one-half months after transplantation. 


Sensitization to the Blood Donor 


Thirteen (29%) of the 45 DST potential related re- 
cipients developed a positive warm T-cell cross-match 
or persistent warm B-cell cross-match to their blood 
donor, and related transplantation was not performed. 

Only ten patients (22%) had a positive warm T-cell 
cross-match, which developed after the first transfusion 
in five patients, after the second transfusion in three 
patients, and after the third transfusion in two patients. 

Three patients (7%) had a persistent warm B-cell 
cross-match, but without a concomitant positive warm 
T-cell cross-match. Donor-specific warm B-cell anti- 
bodies developed after the first transfusion in two pa- 
tients, and after the third transfusion in one patient. 


Repeated sampling continued to show a positive warm 
B-cell cross-match in these patients, and it was our 
judgment that without a better appreciation of the 
risks after DST, that related transplantation with a per- 
sistent warm B-cell cross-match positive donor could 
not be carried out. 

Four of the ten positive warm T-cell cross-match 
patients have subsequently received cadaver trans- 
plants. Two of the grafts have failed, while the other 
two grafts are now functioning more than eight months 
after transplantation with creatinines of 0.8 mg/dl and 
1.3 mg/dl. 


Cytotoxic Antibody Screening 


The same weekly sera that were evaluated for spe- 
cific humoral response to the blood donor were also 
screened in double-blind fashion against a random panel 
of 30 potential unrelated donors. Table 4 summarizes 
increases of 10% or more for cold B, warm B and 
warm T-cell antibody levels from the baseline determi- 
nation at the start of the DST process. Only nine of 
the 45 DST patients exhibited such an increase in warm 
T-cell cytotoxins, and eight of these patients had de- 
veloped a positive cross-match to their blood donor. 
All nine patients with increased warm T-cell cytotoxins 
received third party transfusions in addition to the DST. 

Panel reactivity was also separately analyzed ac- 
cording to patient groups receiving and not receiving 
other third party transfusions with the DST. There were 
15 patients who had no past history and did not receive 
third party transfusions during the DST process. None 
of these developed increased warm T-cell panel sensiti- 
zation. In contrast, increased warm T-cell sensitization 
was Observed in nine of 30 patients with other third 
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Fic. 2. Medium size artery with occlusion of its lumen secondary to intimal cell proliferation, edema and fibrosis. There are several neutro 
phils present at the intimal-medial border (hematoxylin-eosin x600). The glomeruli appeared normal, and there were only a few mononuclear 


cells in the interstitium. 


party transfusions (p — 0.05). Three of the 15 patients 
without other transfusions and without increased panel 
sensitization developed a positive cross-match to their 
blood donor. One of these latter patients had a per- 
sistently positive warm B-cell cross-match to the blood 
donor but no panel warm T-cell sensitization until after 
the administration of two random transfusions more 
than two months after the completion of the DST 
process. Administration of the random transfusions re- 
sulted in a 0-76% increase in warm T-cell antibodies. 

Of the 30 patients receiving a transplant from their 
blood donor, only three had any warm T-cell panel 
activity, with the highest levels being 26, 73 and 93%. 
These three patients had respectively received 30, seven 
and two random blood transfusions. In only one of 
these sensitized patients was there an increase from 
the baseline level at the start of the DST process, and 
this patient received seven units of blood immediately 
before, during and after the DST process. 

Thirteen (4346) of the 30 patients receiving a trans- 
plant from the blood donor had cold B-cell antibody 
levels of 10% or greater. In ten of these an actual in- 
crease of 10% or greater was noted during the DST 
process. Eighteen (6096) of the patients receiving a 


transplant from their blood donor actually had cold 
B-cell antibody levels of greater than 5%, but a mini- 
mum level of 1096 was thought to absolutely assure 
the presence of the cold B-cell cytotoxins. 


Donor HLA-A2 Mismatch 


We have previously been reluctant to proceed with 
transplantation when the recipient was mismatched 
against the donor A2 antigen, because of impaired graft 
survival compared to those patients in whom the mis- 
match was not present.'® Six of the 45 patients with 
DST were mismatched against their blood donor's A2 
antigen. Despite the repetitive challenge with the A2 
blood donor, sensitization was surprisingly not detected 
and all six patients have now received grafts from their 
A2 blood donor. All kidneys (four followed from four 
to 18 months) have normal renal function and only two 
patients have experienced mild rejection episodes. 


Discussion 


Results of renal transplantation have shown no real 
improvement in graft survival during the past five years. 
Emphasis on improving graft survival by more effective 
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immunosuppression will only result in increased mor- 
tality and prohibitive morbidity compromising the pa- 
tient's quality of life following transplantation. Cur- 
rently, the patient without a compatible related donor 
to permit good graft survival is either relegated to 
cadaver transplantation or not referred at all. In addi- 
tion, those patients awaiting cadaver kidneys are often- 
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Fic. 3. The electron micrograph shows 
multiple small electron dense deposits 
(arrows) in the mesangial matrix ( x 9000). 
Immunofluorescence studies showed IgG, 
IgM and C, corresponding to the same 
distribution of the deposits demonstrated 
by electron microscopy. M = Mesangial 
cell. CAP = Capillary lumen. RBC = Red 
blood cell. 


times forced to wait prolonged periods because of the 
limited availability of cadaver organs. 

Thé DST protocol described appears to optimize the 
possibility of immunologically disparate related recipi- 
ents receiving transplants with excellent graft survival. 
In addition, the low incidence of generally mild rejec- 
tion episodes and their ease of reversibility allows those 


TABLE 4. Patients with 10% or Greater Increase in Panel Antibodies During DST Monitoring 





Number of Patients 


Negative Donor-Specific 
Cross-match 





Positive 
Antibody Categories Transplant Transplant Donor-specific 
Total Performed Not Performed Cross-match 
Cold-B Warm-B Warm-T (n = 45) (n = 30) (n = 2) (n = 13) 
20 17 2 l 
1 3 3 0 0 
t t 7 6 0 l 
| t T 5 l 0 4 
t 6 3 0 3 
1 1 l 0 0 l 
t 1 3 0 0 3 





1 = 10% or greater antibody increase. 


Blank = no increase. 
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patients receiving kidneys from their blood donors an 
outcome and posttransplant course similar to that 
achieved with HL A-identical sibling matches. Since 
only a minority of motivated, medically-suitable, re- 
lated donors prove to be immunologically compatible 
(low MLC) with their respective recipients, the impact 
of a successful DST protocol would be to allow an 
increased number of patients the opportunity of suc- 
cessful living-related transplantation. In addition, this 
favorable result would be achieved without the morbid- 
ity and mortality risk of excessive immunosuppression. 

The mechanisms operative in the DST protocol are 
probably two, neither of which is mutually exclusive. 
The first and more readily demonstrable is the process 
of selection. The DST segregates "responders" from 
"nonresponders'" by monitoring the specific humoral 
response to the specific blood donor. The precision 
with which unfavorable sensitization can be detected 
relates to recent developments in transplantation 
serology that can discriminate various T- and B-cell 
antibodies.*' The reliability and accuracy of this testing 
has been confirmed by the absence of hyperacute and 
accelerated rejection in DST recipients subsequently 
receiving kidneys from their blood donor. Among these 
patients were two with selective nonresponse to their 
blood donor, despite the presence of greater than 70% 
levels of warm T-cell cytotoxic antibodies to the ran- 
dom panel. 

The DST protocol was also beneficial to the ‘‘re- 
sponders,' since their responsiveness was tested and 
confirmed through the blood transfusions. The DST 
protocol exposes the approximately 30% of immuno- 
logically disparate donor-recipient pairs in whom a 
strong immune response to the blood donor develops. 
Quite possibly a similar immune response would occur 
if the kidney were transplanted without the DST. The 
kidney would represent a continued rather than an 
intermittently transient presence of the same im- 
munogens, which would lead to irreversible rejec- 
tion. For these potential donors the process of blood 
donation is harmless compared to donating a kidney 
that would probably be rejected. An added advantage 
is the reduced risk of transmitting hepatitis, since the 
blood transfusions are from a relative with known 
medical history. 

The second mechanism that could be responsible 
for the excellent graft survival in the DST patient not 
developing donor-specific warm T-cell or persistent 
warm B-cell antibodies is the modification of the host 
immune response with the blood transfusions. Because 
the immunogenic exposure involves repetitive trans- 
fusion of donor-specific antigens in a modest dose, 
tolerance is a possibility. An attractive hypothesis re- 
lates to the induction of suppressor cells, which may 
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mediate inhibition of donor-specific cell-mediated-lym- 
pholysis cells.? Enhancing antibodies are also a real 
consideration in that the recipient has encountered, by 
means of the DST, the same antigens present on the 
subsequently transplanted kidney. As has been sug- 
gested, enhancing antibodies are primarily directed 
against IgM on B-lymphocytes.? The detection of 
=10% levels of cold B-cell antibodies (IgM anti-IgM 
antibody?) to the random panel in 43% of the DST 
recipients makes it theoretically plausible that these 
antibodies may mediate enhanced graft survival at body 
temperature. This incidence of cold B-cell cytotoxins 
was much greater than encountered in randomized re- 
cipients.* Certainly, the existence of cold B-cell anti- 
bodies has not proved harmful. 

Evidence for immune host alterations induced by 
DST is still lacking. However, analysis of the immuno- 
logically desirable HL A-identical sibling transplants, 
where recipients with third party pretransplant blood 
transfusions did significantly better than nontransfused 
recipients, suggests that selection did not mediate the 
beneficial effect of blood transfusions in this group." 

The protocol for the number of transfusions, the 
amount of blood transfused, the timing, and also the 
period from the last transfusion until transplantation 
are only partially clear. The need for no fewer than 
three transfusions is suggested by the fact that donor- 
specific warm T- and persistent warm B-cell antibodies 
developed after the third transfusion in two and one 
patients, respectively. A lesser number of transfusions 
may not have elicited this humoral response. Donor- 
specific warm T-cell antibodies obviously are deleteri- 
ous. It is controversial, however, whether transplan- 
tation against a positive warm B-cell cross-match is 
harmful in cadaveric transplantation, but since this 
antibody represents a donor-specific response in the 
DST patients, we have been reluctant to proceed with 
transplantation against this potential real barrier. 
Donor specific B-cell antibodies were shown to develop 
posttransplantation in a group of 18 recipients with 
treatment resistant allograft rejection.!? 

The administration of approximately 200cc of donor 
blood on three separate occasions at two-week inter- 
vals has proved effective and is the maximum amount 
of blood that could be easily accepted from an individ- 
ual who will likely undergo major surgery as a renal 
donor. We have minimized the effect of donating 600cc 
by placing the blood donors on iron supplementation. 
The interval between the last transfusion and trans- 
plantation was less than two months in all but two 
patients, in whom extenuating circumstances forced 
postponement of the transplant until three and six 
months. This was necessitated because of recipient 
illness in the first, and an imposed waiting period for 
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full donor recovery from an emergency cholecystec- 
tomy in the second patient. Evidently, the beneficial 
transfusion effect was still present, as neither patient 
has had a rejection episode and each has normal graft 
function at nine and 19 months following transplantation. 

No immunosuppression is given during the trans- 
fusion process which allows full expression of the re- 
cipient immune response to the repetitive transfusion 
challenge. An attenuated humoral response brought 
about by concomitant use of immunosuppression could 
theoretically escape detection by cross-match testing 
and result in hyperacute rejection. Newton and Ander- 
son?? did use azathioprine from the time of first intra- 
venous injection of lymphocytes in their four patients, 
and there was no early kidney loss. However, hyper- 
acute rejection did occur after donor cell infusion in 
another patient with concomitant azathioprine and 
steroid administration.!! Since the incidence of sensiti- 
zation after DST is approximately 30%, Newton and 
Anderson's success may have been attributable to a 
favorable genetically predetermined donor-specific re- 
sponse in these patients and not to the azathioprine. 
It was the eighth patient in our series who was first 
noted to be sensitized to his blood donor. 

Donor-specific transfusions appear to be a practical 
approach for an immunologically disparate related 
match, in that they do not jeopardize eventual cadaveric 
transplantation for the patient sensitized to his blood 
donor. Only one of the 15 patients receiving only DST 
and no third party transfusions developed any warm 
T-cell sensitization to the random panel on serial anti- 
body screening of the same weekly serial serum 
samples. This solitary patient developed only a 646 
level of warm T-cell cytotoxins on the screen. In fact, 
of the total 45 DST patients, only nine developed 10% 
or more increased broad warm T-cell sensitization to 
the panel from the initial baseline determination and 
all had received additional third party transfusions 
with exposure to multiple other transplantation anti- 
gens. The DST protocol, in contrast, results in repeti- 
tive exposure of the same limited antigens because of 
the use of a single one-haplotype matched blood donor. 
The eventual outcome of cadaveric transplantation in 
the DST sensitized patient remains to be determined, 
but these patients are prepared for optimum graft sur- 
vival with cadaver transplantation by the antecedent 
transfusions.? Among the multiple factors influencing 
cadaver graft survival, antecedent blood transfusions 
override all other considerations. !??? 

The center initiating the DST protocol must be alert 
to the possibility of early acute rejection episodes, as 
was evidenced in five patients with rejection crises at 
one to four days. These events were all successfully 
treated with increased steroid dosage, but the nature 
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of these and other immunologic responses in this pa- 
tient population must be further elucidated by immuno- 
logic monitoring and renal biopsies. The two biopsies 
thus far obtained at the time of acute rejection have 
shown a remarkable paucity of interstitial mononuclear 
cellular infiltrates. 

The early results of the DST protocol in insulin de- 
pendent juvenile diabetics encourages this approach 
rather than cadaveric transplantation when the potential 
related donor is a one-haplotype match and MLC in- 
compatible. The results with cadaveric transplantation 
in the diabetic are generally recognized as suboptimal 
when compared with the nondiabetic. 

The question arises whether random third party blood 
transfusions might be as beneficial as DST in improving 
transplantation results with immunologically disparate 
living related donor-recipient pairs. We have previously 
reported that third party pretransplant blood trans- 
fusions do modify the course of the high MLC donor- 
recipient pairs, resulting in improved graft survival.!* 
Of the 34 one-haplotype, high MLC recipients, there 
was a 73 + 9% one year graft survival in those 23 pa- 
tients with pretransplant blood transfusions, compared 
with 18 + 12% in those with no transfusions. Of those 
patients with pretransplant blood transfusions, 78% did 
have a rejection episode during the first three months 
after transplantation. The rejection episodes were more 
severe and the posttransplant course more difficult in 
these patients, compared to the essentially benign 
course in the DST patients. Third party transfusions 
in HLA nonidentical recipients with high MLC is 
a consideration where there is Rh incompatibility and 
a motivated, willing donor. Fortunately, the incidence 
of Rh incompatibility is low, and during the time pe- 
riod of the 45 DST patients we encountered, only one 
patient required use of random third party transfusions 
because of Rh incompatibility. There is the future con- 
sideration with Rh incompatibility that red cells could 
be separated out and the platelets and leukocytes be 
administered primarily. 

In summary, the early results with donor-specific 
transfusions have provided highly encouraging results 
in the absence of hyperacute rejection. One can he 
optimistic about this approach if long-term follow-up 
fails to reveal delayed dissipation of the observed salu- 
tary transfusion effect. Additionally, the described DST 
protocol offers a relatively simple and easily monitored 
design without apparent harm to either the potential 
donor or recipient. In fact, a potentially unsuccessful 
living related transplant can be avoided while the trans- 
plants actually performed have reasonable prospects of 
success. This approach in the future may possibly in- 
volve two-haplotype mismatched donor-recipient pairs, 
both related and unrelated. 
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became evident in our retrospective study of primary cadaveric 
grafts before we introduced the compulsory pretransplantation pro- 
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gram. The recipient who did not receive any blood transfusions 
before the grafting had a 30% lower graft survival rate at 12 months 
than the previously transfused recipients. 

(slide) In our series, we have been able to identify two important 
factors which when combined result in a poor outcome of cadaveric 
grafting. These are two incompatibilities in the HLA B-locus in 
nontransfused recipients, as seen from this slide. When, however, 
only one incompatibility existed for HLA B-antigens in the previ- 
ously transfused recipients, the graft survival was the same as for 
grafts without foreign antigens. 

For these reasons, I do not believe the donor specificity in the 
transfusions is the important factor, and again I stress Dr. Salva- 
tierra s hypothesis that induction of suppressor cells might well result 
from nonspecific blood transfusions. 

I would like to hear Dr. Salvatierra's comments on the different 
kinds of blood used for pretreatment, and the time schedule be- 
fore transplantation. 


DR. NICHOLAS A. HaLasz (San Diego, California): It is fascinating 
for those of us who started out in transplantation ten or 12 years 
ago and initially used buffy-coat-poor blood and then switched to 
frozen blood when it became available in order to avoid all those 
evil antigens present in leukocytes, platelets and plasma to see our- 
selves turning around and using blood intentionally in recipients, 
initially nonspecifically. Now Dr. Salvatierra tells us that blood of 
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donor origin is even better. I think this is a remarkable report. These 
studies need to be continued and other series like this one under- 
taken. I have no doubt that this will happen, maybe even faster 
than it should. 

I have a few questions I would like to bring up regarding the 
mechanism involved. I would love to see a specific sort of altered 
responsiveness to have been induced in the recipient, because it 
would represent truly the first time that clinically we have been 
able consistently to modify in a specific way the immunologic re- 
sponse of a recipient. Dr. Salvatierra has reported on a smaller 
series of pretransfused recipients before, at which point MLCs were 
repeated, using plasma after donor specific transfusion. | wonder if 
you would tell us whether you have done more of these and whether 
there has been any change in the MLC done in posttransfusion 
recipient plasma. 

I do think, however, that we do not need to use specific immuno- 
logic modification as an explanation. If one looks at this simply 
numerically, and Dr. Salvatierra hinted at this, if one does a one 
haplotype matched transplant with high MLC responsiveness be- 
tween donor and recipient, one gets about a 60% one year survival 
rate. Then, if one-third of the group is simply sorted out, presumably 
the same one-third that would have rejected transplants, one comes 
up with a survival rate of higher than 90%. Thus, by simple selection, 
one can explain just about everything that has happened. Along 
these lines it would be of interest whether you had done other im- 
munologic surveillance tests such as DNCB skin testing, CML and 
so on, to see whether one is dealing with a high-responder group 
in those who became cross-match positive after transfusion. You 
certainly could be selecting a nonspecific low-responder group or a 
specific recipient group with low Iga or Igr responsiveness, or you 
could be selecting donors who provide a weak second signal. 

Five or six years ago a fascinating study was done by Shackman 
at Hammersmith, Professor Welbourn's institution, where a number 
of one haplotype matched living related donor- recipient pairs were 
transplanted with skin from all the potential donors. These patients 
differed from Dr. Salvatierra's in having low dose immunosuppres- 
sion with 50 mg azathioprine per day. That group came up again 
with a similar percentage: 61 or 62% of those patients had skin 
graft survival for six weeks or longer. These then underwent trans- 
plantation for six weeks or longer. These then underwent transplan- 
tation and had essentially a 100% kidney survival rate. Here again I 
believe selection was the process involved, and the circumstances 
are not entirely dissimilar. 

Dr. Salvatierra, since you are recommending that patients with 
one haplotype mismatches who are high ML C-responders be trans- 
fused from their future donors, would you recommend to centers 
which do not have MLC typing available routine transfusion of all 
one haplotype matches prior to their being transplanted? 


DR. G. MELVILLE WILLIAMS (Baltimore, Maryland): I commend 
Dr. Salvatierra and his group for a courageous study. Purposely 
to transfuse a recipient with blood from an individual who could 
offer a kidney with a 60% chance of a normal life at one year is 
something that concerned me. This course of action presumes an 
ability to distinguish sensitization on the basis of a positive cross- 
match and to use as donors only individuals who had produced the 
desired "transfusion effect.” 

On looking at Dr. Salvatierra's slides, I am worried about some 
of the early rejection crises, particularly the one that occurred on 
the first day after transplantation. I can only interpret this early 
rejection as evidence of presensitization, for the normal primary 
immune response would take longer than one dav. 

Therefore, I wonder what Dr. Salvatierra, having done three trans- 
fusions, would think about doing four transfusions? Would he allow 
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greater time for the immune response and perhaps select out another 
group of patients in this manner? 

| am also interested in mechanisms that could confer some sort of 
tolerating action by blood transfusions and wonder if Dr. Salvatierra 
had repeated stimulation indexes or whether he has done additional 
in vitro assays such as CML’s? Could he detect some weakening 
of the specific immune response? 


DR. OSCAR SALVATIERRA, JR. (Closing discussion): As one can tell 
from our presentation and the presentations of the discussants, the 
story of donor-specific transfusions is not complete. 

In reference to Professor Gelin's remarks, the patient population 
in this study was only the MLC-incompatible group that, in our 
hands, did not give better graft survival than if a cadaver kidney 
was used. Yes, there was sensitization to the blood donor in 30% 
of the patients, but on serial monitoring to the panel, a panel com- 
posed of 30 unrelated donors, the sensitization proved to be narrow, 
quite specific and directed to that blood donor, as might be expected 
from exposure to limited antigens from the use of a one haplotype 
matched blood donor. There was no evidence of significantly in- 
creased broad sensitization to the panel in those 15 recipients who 
had no third party transfusions before or during the time of the 
donor-specific transfusion process. In fact, in these patients, the 
greatest increase in broad, warm T-cell sensitization to the panel 
after the donor-specific transfusion, was 6% in one patient. More 
important, potentially unsuccessful living related transplants have 
been avoided in these MLC incompatible patients. For the potential 
donors, blood donation was harmless compared with donating a 
kidney, which could be rejected. 

As far as the blood products used, we are using fresh packed 
cells or whole blood, with no difference in transplant outcomes. 
As far as rejection incidence with either whole blood or packed cells, 
there was no difference. In patients followed for three months, we 
have seen six rejection episodes in 13 patients receiving whole blood, 
three rejection episodes in seven receiving packed cells alone, and 
one in a group of three receiving a combination of whole blood 
and packed cells. 

| appreciated Dr. Halasz's and Dr. Williams’ remarks. In reference 
to a change in the MLC, particularly in the culture in recipient 
plasma, there was no significant change after transfusion or after 
transplantation. We have performed CML’s on a number of patients, 
and in several of these there has been inhibition of CML, not after 
the transfusion, but well after transplantation. 

In response to one of Dr. Halasz's questions, presently I think it 
is difficult to recommend donor-specific transfusions for all one- 
haplotype matches, but if our experience is confirmed by others, 
and if it continues to prove safe, of course, this is a definite 
consideration. 

We are now only looking at small parts of a large puzzle. For the 
present, there will have to be continued speculation about the mech- 
anisms involved in the donor-specific transfusion process, but they 
do pose some intriguing possibilities. 

Certainly, before transplantation, selection is the principal proc- 
ess. After transplantation, when you consider that there was a rela- 
tively low incidence of rejection episodes, that they were mild in 
nature, that they were usually easily reversed, and that the general 
course of these recipients was somewhat similar to HL A-identical 
siblings, all this translates into some modification of host immune 
response. However, at this time there is no good scientific evidence 
for what type of host modification exists, yet the background for 
such modification exists in that the potential recipient has had repeti- 
tive challenge with modest dosages of the same donor-specific anti- 
gens that were to be present in the subsequently transplanted 
kidney. 
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group at all times from six months to four years after 
transplantation (Fig. 1). Graft survival at four years was 
5296 for splenectomy and 2346 without splenectomy. 
Recipient survival was greater for the splenectomy 
group only through the first year, 94% compared to 
7796 (Fig. 2). Twelve of the original 92 patients who 
had lost the first cadaver kidney and received second 
transplants were excluded from calculations of recipient 
survival. 
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Fic. 2. Effect of splenectomy on survival of recipients after first 
cadaver kidney transplants. 


Effect of Recipient's Race on Graft and Recipient 
Survival 

We continue to observe greater graft and patient 
survival for white than for black recipients and confirm 
our earlier report.?? Graft survival in recipients of first 
cadaver kidneys transplanted since January 1972 is 
greater for whites than for blacks at all intervals through 
seven years, 43% compared to 18% at the seventh year 
(Fig. 3). Patient survival is greater for white recipients 
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through the fifth posttransplant year, 89% compared race on graft survival in the nonsplenectomy group 
to 59% (Fig. 4). was exaggerated (Fig. 6). Thirty-eight per cent of kid- 

neys in white recipients retained function at four years, 
Combined Effect of Splenectomy and Recipient's Race but none of 11 kidneys in black recipients survived as 
on Graft Survival long as a year without splenectomy. Within each race, 
splenectomy continued to increase graft survival but it 
was more dramatic for black recipients. Two years 
after transplantation graft survival among whites was 
68% with splenectomy and 38% without splenectomy 
(p = 0.05). Among black recipients, 48% of grafts sur- 


Splenectomy appeared to cancel the previously noted 
effect of recipient’s race on graft survival (Fig. 5). Graft 
survival at the third year was 58% for whites compared 
to 48% for blacks (p = 0.5). In contrast, the effect of 
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Fic. 7. Effect of recipient’s race on survival of patients after first 
cadaver kidney transplants with splenectomy. 


vived at three years with splenectomy and none sur- 
vived without splenectomy. 


Combined Effect of Splenectomy and Recipient's Race 
on Patient Survival 


As was the case for graft survival, splenectomy can- 
celled the effect of race on patient survival (Fig. 7). 
Within the splenectomy group patient survival was not 
different for whites and blacks through the third year 
at which time 92% of whites and 81% of blacks sur- 
vived (p = 0.35). The difference between survival of 
black and white recipients was exaggerated in the non- 
splenectomy group and was different at all intervals 
after transplantation through the fourth year (Fig. 8). 
Survival at the fourth year was 94% for whites and 
40% for blacks, p < 0.05). 


Effect of Pretransplant Transfusion and Splenectomy 
on Graft Survival 


Of the 92 patients in the study, complete transfusion 
histories were available on 84. All except seven re- 
ceived at least one transfusion at the time of trans- 
plantation; four were in the splenectomy group and 
three were in the nonsplenectomy group. Most of the 77 
patients transfused at the time of transplantation re- 
ceived two or more units of blood. With respect to 
transfusions given more than 30 days before transplan- 
tation, more patients in the splenectomy group received 
blood (42/58) than in the nonsplenectomy group (7/26). 
However, presence or absence of transfusion more 
than 30 days before transplantation had no detectable 
effect within either the splenectomy group (Fig. 9) or 
the nonsplenectomy group (Fig. 10). Moreover, within 
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Fic. 8. Effect of recipient’s race on survival of patients after first 
cadaver kidney transplants without splenectomy. 


either the transfused group or the nontransfused group, 
graft survival was greater at all times through the third 
posttransplant year if the spleen had been removed 
(p < 0.05 at all times). 


Effect of Splenectomy on Rejection Episodes 


Splenectomy altered significantly the pattern and fre- 
quency of rejection episodes (Table 1). The splenectomy 
group had more patients with no rejection episodes or 
One or more reversible rejection episodes (p < 0.05). 
The increased graft survival observed in the splenec- 
tomy group was accounted for by fewer irreversible 
rejections and fewer deaths. 
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Fic. 9. Effect of pretransplant blood transfusion on survival of first 
cadaver kidney grafts with splenectomy. 
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Fic. 10. Effect of pretransplant transfusion on survival of first 
cadaver kidney grafts without splenectomy. 


Effect of Pretransplant Splenectomy on Azathioprine 
Tolerance 


Splenectomy increased the total mg of azathioprine 
tolerated during each of the first two weeks after trans- 
plantation but not in the third and fourth weeks (Table 
2). Splenectomy increased the total amount of azathio- 
prine tolerated during the first 28 days after transplan- 
tation (p = <0.01). 


Effect of Splenectomy on Combined Pre- and Post- 
transplant Morbidity and Survival 


During the period of study the transplant service 
performed splenectomy on 78 patients at The University 
of Chicago Hospitals with no perioperative wound in- 
fections, lung infiltrates or pulmonary emboli, and with 
one death. The death occurred from myocardial in- 
farction three weeks after splenectomy in a 40 year old 
male with juvenile onset diabetes and severe coronary 
artery disease. Beyond the thirtieth postsplenectomy 
day there was one episode of streptococcus pneumoniae 
sepsis which occurred several months after transplan- 
tation and was reversed by antibiotic treatment. 
There were no other instances of sepsis from encap- 
sulated bacteria such as S. pneumoniae, N. meningitidis, 
or H. influenza, which are of particular concern for 


TABLE 1. Rejection Episodes 


One or More 


None Reversible Irreversible 
Splenectomy 28 42 30 
No splenectomy 15 21 64 


p < 0.05 for 3 x 2 analysis. 
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TABLE 2. Effect of Pretransplant Splenectomy 
on Azathioprine Tolerance 


Total Azathioprine Dose per Patient (mg) 


1-7 8-14 15-21 22-28 1-28 

Days Days Days Days Days 

Splenectomy 1299 937 762 630 3628 
Nonsplenectomy 1060 597 582 494 2733 
p value «0.05 . «0.001 NS NS «0.01 


postsplenectomy patients. Staphylococcus aureus sep- 
sis with acute endocarditis and meningitis occurred 
15 months after transplantation in a splenectomized 
patient who had a history of intravenous drug abuse. 
Otherwise, most of the posttransplant morbidity and 
death in both the splenectomy and nonsplenectomy 
groups was attributed to coronary artery disease, and 
gram negative bacterial pulmonary sepsis, mainly 
pseudomonas aeruginosa. 


Discussion 


This prospective study on splenectomy found in- 
creased survival of both graft and patient for recipi- 
ents of first cadaver kidney transplants. Splenectomy 
seemed to exert its effect by decreasing the incidence 
of irreversible rejection episodes. It remains unclear 
whether this effect depends on increased azathioprine 
tolerance after splenectomy. Our practice with respect 
to azathioprine has been to reduce the dose below what 
was called for by protocol if the peripheral blood leuco- 
cytes count fell below 4500 cells/mm?. It was discon- 
tinued when the count was less than 3500 cells/mm’. 
In this study the azathioprine dose tolerated by patients 
with intact spleens was less during the first two weeks . 
after transplantation than for those who had undergone 
pretransplant splenectomy. The amount of azathioprine 
given during the third and fourth weeks was not dif- 
ferent, perhaps because our practice has been to reduce 
azathioprine rapidly during the first month and not to 
"push" for leucopenia. Nevertheless, the amount of 
azathioprine received by the splenectomy and non- 
splenectomy groups during the first two weeks was so 
great that it caused the total dose in the first month 
to be less in the non-splenectomy group. In order to 
determine whether splenectomy has an effect other than 
through azathioprine tolerance, it would be neces- 
sary to repeat the study with an azathioprine protocol 
that was tolerated well in the absence of splenectomy. 
Perhaps an initial dose of 1.5 mg/kg rather than 3.0 
mg/kg would be tolerated by all recipients except those 
with obvious pretransplant hypersplenism. 

Blood transfusions are now generally agreed to in- 
crease renal allograft survival as long as a positive 
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lymphocytotoxic crossmatch is avoided. Unresolved, 
however, is the effect of various forms of transfusion 
(whole, washed, frozen), the numbers of units, and the 
timing of the transfusions. van Es maintains that a 


* single transfusion several weeks before transplantation 


Is sufficient.” Opelz states that the transfusion effect 
increases with the number of transfusions.?? Hunsicker 
and Corry report that blood transfusions given at the 
time of transplantation are as helpful as those given 
weeks or months earlier; moreover, transfusions at the 
time of transplantation do not add to the effect of earlier 
transfusions.'* Our practice has always been to trans- 
fuse the recipient at the time of transplantation; more 
than 90% of our patients receive at least two units of 
blood at transplantation. In our study, the splenectomy 
group received more transfusions prior to transplan- 
tation and some might claim that our splenectomy effect 
on graft survival was really a transfusion effect. Yet, 
_ Within either the nonsplenectomy or the splenectomy 
group, we could detect no difference based on pres- 
ence or absence of pretransplant transfusion. Perhaps, 
as Hunsicker and Corry might suggest, a potential ef- 
fect from pretransplant transfusion at the time of sple- 
nectomy went unrecognized, because blood given dur- 
ing transplantation provided a similar beneficial effect 
for recipients without earlier transfusions. In any event, 
it seems clear that the effect of splenectomy on graft 
survival was not mediated by blood transfusions. 
The effect of race on graft and recipient survival 
is also a controversial issue. Because of the predomi- 
nance of malignant hypertension as a cause of renal 
failure among blacks, the attendant morbidity from 
cardiovascular disease tends to be more common among 
blacks than whites. However, the first report that graft 


» Survival was decreased among blacks came from Opelz, 


Mickey and Terasaki in 1977.2! The observation seems 
to be confined to large northern cities and its basis is 
far from clear. It may depend on racial mismatch be- 
tween donor and recipient. In our study, black recipi- 
ents comprised 43% of the first cadaver kidney re- 
cipient population but black donors provided only 12% 
of the kidneys. Diethelm and Vincenti report that race 
does not affect graft survival in Birmingham or San 
Francisco.°** No doubt many complex factors are re- 
sponsible for the race effect in centers where it is ob- 
served. Regardless of the causes, it is significant in our 
study that splenectomy cancelled the race effect that 
we had observed earlier. 

The beneficial effect of splenectomy on graft and 
recipient survival seems to us to offset easily the small 
perioperative morbidity and mortality associated with 
it. Furthermore, Austrian indicates that the recently 
available vaccination against 14 types of S. pneumoniae 
is 80% effective against fulminant postsplenectomy 
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sepsis from the pneumococcus.? Either prophylactic 
antibiotics or prompt treatment with an antibiotic such 
as ampicillin for fever greater than 38.5 C should also 
reduce the morbidity of infection with encapsulated 
bacteria.!* 
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DISCUSSION 


DR. RICHARD E. WILSON (Boston, Massachusetts): When I re- 
viewed the manuscript, I must confess that I had some problems 
with Dr. Stuart's biostatistics. More than one-third of the 63 patients 
who underwent splenectomy did so not because of random selec- 
tion, but because of either prior leukopenia or early posttransplant 
leukopenia. Eight of the 29 patients not having splenectomy were 
specifically placed in that category because of relatively elevated 
white cell counts. These obviously do not negate the fact that those 
patients seemed to do better, but I cannot be certain that splenec- 
tomy was the reason. 

I would like to propose that, most likely, the role of splenectomy 
is to reduce the effect of undetectable preformed direct or cross- 
reacting antibodies that affect the transplant in the early posttrans- 
plant period. We know from studies with ITP patients that splenec- 
tomy works best when these patients have antiplatelet antibody and 
show a response to steroids prior to splenectomy. Likewise, pa- 
tients who have undergone splenectomy have sepsis to bacteria nor- 
mally suppressed by antibody response, not viruses or fungi. 

Intravenous antigens, such as those coming from a vascularized 
graft, first go to the spleen. Relatively less azathioprine adminis- 
tered to the patients with a retained spleen could doubly increase 
the chance for antibody production. Since all patients in this study 
received ALG, an anti- T-cell agent, the B-cell suppressive effect 
of azathioprine might be the thing the most different. 

Are we dealing with an effect of splenectomy or more azathioprine? 
The major difference in the black recipients might be because there 
may be more cross-reacting antibodies in those patients, since the 
number of black donors was markedly skewed in this series. 


DR. ARNOLD G. DIETHEIM (Birmingham, Alabama): Dr. Stuart 
and his colleagues have analyzed in detail whether or not splenec- 
tomy prior to transplantation is beneficial to patient and graft sur- 
vival. This question is not new, and Dr. Wilson has just mentioned 
that the Brigham group 15 years ago addressed the same question 
in a retrospective manner. However, to my knowledge, this is the 
first randomized, prospective study pertaining to the subject. 

Dr. Stuart and colleagues have carefully considered other variables 
in this study, and, as he mentioned, these included race, tissue 
typing, duration of dialysis, age of the patient, number of blood 
transfusions prior to transplant and immunosuppressive therapy as 
well. Their conclusion was that only pretransplant splenectomy was 
crucial and beneficial in providing graft prolongation. 

An interesting and unexplained question pertains to the improved 
graft survival in the white recipients, as compared with the black 
recipient patients. 
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At the University of Alabama, we reviewed our data retrospec- 
tively in 345 patients undergoing transplantation and did not find a 
significant difference in patient or graft survival rate between the 
blacks and whites. The disparity between our data and that 
of Dr. Stuart is striking and difficult to explain. If the reasons 
for Dr. Stuart's findings are immunologic in origin, then the observa- 
tions should be the same in Chicago and Birmingham. Our 
experience indicates that graft and patient survival rates in the related 
living donor and cadaveric recipients are the same in both races. 
The only unclear question at present in our data analysis is whether 
or not graft survival is the same when the donor graft comes from a 
different race. 

If it were true that the kidneys from the white donors do less 
well in black recipients, and the reverse would be true as well, then 
this would have important implications since the incidence of end- 
stage renal disease is significantly greater in blacks in our geo- 
graphic region. Even more important is that there are far more white 
kidney donors. 

Is the primary effect of splenectomy an immunologic one, by 
removing bulk of lymphoid tissue, or is it a more specific one directed 
toward a subpopulation of lymphocytes such as the B-cells? 

Could the results be explained largely by the increase in post- 
splenectomy white blood cell count, thereby related to the dose 
of azathioprine? 

What are the explanations for the different end results between 
black and white patients? Is this an immunologic problem, possibly 
an HLA antigen problem, or could other factors such as drug com- 
pliance, pre-existing hypertension in the black patient and advanced 
cardiovascular disease in that group play a role? 

Our experience, again, indicates that the related living donor black 
and white patients do equally well, as do the cadaveric recipients. 
Have you analyzed your data from the point of view of the race of 
the cadaveric kidney donor to see whether or not the black kidney 
in the white patient, or the white kidney in the black patient, do 
equally well? 


DR. OLGA JONASSON (Chicago, Illinois): Dr. Stuart is to be 
complimented for doing this randomized study of a controversial 
procedure in a clinical situation in which both risk and gain are high. 
What he has demonstrated by doing this experiment has been a 
clear-cut advantage to the patients, not only in terms of graft sur- 
vival, but also in terms of lessened mortality. 

The risk of postsplenectomy sepsis is real, and my associates 
and I as well as others have identified pneumococcal and Hemo- 
philus septicemia in our transplant patients who have undergone 
splenectomy. In addition, the risks of splenectomy itself in patients 
with end-stage renal disease are far from minimal. 
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Dr. Stuart has shown that these risks are far outweighed by the 
risks of leukopenia during immunosuppressive treatment, and I be- 
lieve that the bone marrow suppression of chronic uremia and aza- 
thioprine administration is magnified by the hypersplenism that is 
associated with uremia-induced splenomegaly. 

(slide) In a recent study, my associates and I reported that aza- 
thioprine-induced leukopenia was found much more commonly in 
patients who had not had a splenectomy. 

(slide) When evaluating the effect of azathioprine-induced leu- 
kopenia on graft and patient survival, we find that leukopenic pa- 
tients have poorer graft and patient survival than recipients who did 
not have leukopenia, but that splenectomy was associated with in- 
creased patient mortality in the patients who had azathioprine- 
induced leukopenia. 

(slide) To achieve the benefits of splenectomy, and avoid the long- 
term risks, we have begun a randomized, prospective study com- 
paring operative splenectomy with transarterial partial splenic em- 
bolization in all of our pretransplant patients. These spleen scans 
from such a patient demonstrate approximately 75% reduction in 
spleen size after partial splenic embolization, and this effect is 
durable. 

We have performed this procedure on 41 patients, with one septic 
complication requiring splenectomy and no deaths or long-term mor- 
bidity, but with the expected increase in azathioprine intolerance 
which had been previously achieved with operative splenectomy. 

If the effect of splenectomy is to eliminate hypersplenism from 
further magnifying the inadequacy of poorly-functioning bone mar- 
row, this procedure may be an alternative. 

Dr. Stuart, do you believe that splenectomy accomplishes simply 
an increase in the peripheral white count? Have you any long-term 
follow-up data regarding the late development of septicemia or 
thrombotic sequelae in your patients who underwent splenectomy? 

Your studies of black and white recipients are extremely in- 
teresting, totally out of step with those seen in the Southern states, 
and I would appreciate your thoughts on that as well. 


DR. JOHN C. MCDONALD (Shreveport, Louisiana): Dr. Stuart 
asked that I comment on his paper relative to the information now 
available from the Southeastern Organ Procurement Foundation's 
prospective study on cadaver transplantation. 

The data, which several of us are now analyzing, involve some 
947 grafts, prospectively studied. The data do not relate precisely 
to splenectomy, since only a handful of splenectomies were per- 
formed in our region in the absence of bilateral nephrectomy. There 
are two pertinent matters that do apply. 

One has to do with the overwhelming importance of blood trans- 
fusion as the single most important factor that determines cadaver 
graft survival. Dr. Stuart has controlled for transfusions by includ- 
ing transfusions given at the time of transplantation. The SEOPF 
data indicate that blood transfusions given at that time have a mini- 
mal effect, and that effect was of a different order of magnitude 
than when blood is given earlier. There is also a cumulative effect 
of blood transfusions, at least up to several units. 

Would Dr. Stuart analyze in more depth the timing and volume 
of blood received by the patients who had splenectomy? This may 
explain part of the effect he has seen. 

The second point has to do with bilateral nephrectomy. There is 
an apparent benefit of bilateral nephrectomy on graft survival, mostly 
due to blood transfusions, but some benefit of bilateral nephrectomy 
still appears for patients who receive relatively incompatible allo- 
grafts. It is not a beneficial factor in patients who receive compatible 
allografts. 

Since most of the grafts in this study were incompatible, it would 
be important to know if the incidence of bilateral nephrectomy in 
the two study groups was compatible. 


DR. ISRAEL PENN (Denver, Colorado): Dr. Starzl was anxious to 
discuss this paper, but he had to return to Denver earlier today, 
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and he asked me to convey the following comments, which I will read. 

"When Dr. Marchioro, Dr. Waddell and I introduced splenec- 
tomy for transplantation, one reason was to permit large doses of 
azathioprine to be given. The other reason was because ofthe biologic 
immunosuppression produced by spleen removal. 

"In 1962 and 1963, all the evidence which we had about the pos- 
sible immunosuppressive value of splenectomy came from this same 
university, in the animal experiments and writings of Wissler, Rowley 
and La Via. All three of these men are still active, and Wissler and 
Rowley are still working in the Pathology Department of the Uni- 
versity of Chicago. 

"Quoting Dr. Ravitch's remarks of yesterday, and in the manu- 
script, which Dr. Stuart allowed me to read, I was glad to see so 
much acknowledgment of the work of Dr. Hume. Although Dr. Hume 
has been dead for several years, the power of his convictions has 
not diminished. It was nice to hear his name again." 

That concludes Dr. Starzl's comments. I would like to conclude 
by asking one question of Dr. Stuart. Some of the patients in your 
earlv studies were not truly randomized, that is, patients who were 
leukopenic all underwent splenectomy while those with white blood 
cell counts exceeding 6,000 cells per mm? did not undergo this pro- 
cedure. If we exclude these two groups, and compare only those 
who were truly randomly selected for splenectomy or no splenec- 
tomy, do the results still indicate a beneficial effect of splenectomy? 


DR. JoHN S. NAJARIAN (Minneapolis, Minnesota): My colleagues 
and I were, and have always been, interested in doing splenectomy 
on our patients at the University of Minnesota. (slide) I have felt 
that this was an important adjuvant, as far as the immunosuppressive 
preparation of these patients is concerned. Unfortunately, there was 
not a randomized, prospective study regarding the efficacy of sple- 
nectomy in patients undergoing transplantation. 

Three years ago, in 1977, we started such a randomized, prospec- 
tive study and continued it for two years. There were no exclusions. 
We had more than 300 patients in this study, and they were strictly 
chosen by a random selection at the time when they were admitted 
for evaluation for transplantation. Here are the results for those 300 
patients, approximately 150 or more in each group. As you can see 
there is a 13% favorable graft survival rate in the spleen-out versus 
the spleen-in group. 

The cadaver group showed the most marked and significant dif- 
ference. There is a 26% better graft survival rate in the group that 
underwent splenectomy as compared with the group that did not. 

In addition, in the related, HL A-nonidentical group there is a 
smaller but still significant difference, favoring the splenectomy 
group. In the HL A-identical siblings, there is no difference, and 
if anything, there may even be a slight penalty for spleen-out in that 
group. We now no longer do splenectomy in that group, and we 
have returned to our original policy of doing splenectomies on all 
other transplant patients. 


DR. FRANK P. STUART (Closing discussion): I appreciate Dr. 
Najarian' s sharing with us the results of his studies, which will be 
presented at the Transplantation Society's Congress in June 1980. 

Most centers find that black donors are in short supply. In our 
series, 11 of the 92 cadaver kidneys came from black donors. 
Seven of them went into black recipients; as nearly as we could 
tell, a racial mismatch did not make a difference. 

It is difficult to know whether splenectomy exerts its effect 
through increased azathioprine tolerance or through a direct immuno- 
logic mechanism. It is mostly likely that most of the effect is through 
improving azathioprine tolerance, but I believe there is a direct effect 
also which is additive with other immunosuppressive agents, such as 
antilymphocyte globulin. 

Dr. Penn, we did not try to separate out those eight patients in 
the statistical analysis. They really made too small a nonsplenectomy 
group. 


Protein and Calorie Requirements with 


Total Parenteral Nutrition 


HARRY M. SHIZGAL, M.D., F.A.C.S., F.R.C.S.(C), R. ARMOUR FORSE, M.D. 


Body composition measurements, performed by multiple iso- 
tope dilution, were used to determine the protein and caloric 
requirements of patients receiving total parenteral nutrition 
(TPN). In addition the relative efficacy of lipid as opposed to 
carbohydrate calories were evaluated. Patients requiring TPN 
were randomly allocated to receive one of the following TPN 
solutions: a) 2.5% amino acid with 25% dextrose b) 5% amino 
acid with 25% dextrose c) 2.5% amino acid with 12.5% dex- 
trose and a 5% lipid emulsion. The efficacy of each solution 
was evaluated by determining body composition at the onset, 
and at two week intervals during the course of TPN. In 204 
patients who received TPN for 4447 days, 533 body composi- 
tion studies were performed to evaluate 308 periods of TPN. 
In the normally nourished patient, as defined by the pre- TPN 
body composition, the body composition remained unchanged 
and normal with the three solutions. In the presence of pre- 
' existing malnutrition, two weeks of TPN resulted in a signif- 
icant increase in body weight, arising primarily from an in- 
crease in the body cell mass. To evaluate the relative importance 
of the various factors responsible for the increase in the body 
cell mass, a multiple linear regression analysis was performed. 
The mean daily change in the body cell mass was correlated 
with the carbohydrate, protein and lipid calories infused and 
with the nutritional state. The resulting regression equation, 
which was statistically significant, indicated that the rate at 
which a depleted body cell mass was restored was related to 
the lipid and carbohydrate calories infused and to the nutri- 
tional state of the patient. Carbohydrate calories were more 
efficient than lipid calories. However increasing the amino acid 
concentration from 2.5 to 5% had no effect on the rate at which 
the body cell mass increased. The repletion rate was also di- 
rectly related to the severity of malnutrition. Thus the correc- 
tion of a malnourished individual with TPN is dependent on 
the severity of malnutrition, the type and amount of calories 
infused but is not affected by increasing the amino acid con- 
centration from 2.5 to 5%. 


UTRITIONAL SUPPORT BY the parenteral route is 
N essential for the patient whose oral intake of nu- 
trients over prolonged periods is insufficient to meet 
the requirements for energy and protein. The importance 
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of total parenteral nutrition (TPN) for the individual 
with a nonfunctioning GI tract is well established.':!?? 
Similarly, for the patient with increased protein and 
caloric requirements.'? However the optimum caloric 
intake for patients receiving TPN remains controversial. 
The weight gain with TPN is slow,*!' and recent re- 
ports?*?:?? suggest that the infusion of excessive calories 
is associated with an increased incidence of metabolic 
complications, especially hepatic. The protein require- 
ments of patients on TPN is similarly not well estab- 
lished. Presently the amino acid concentrations of the 
most commonly employed TPN solutions vary from 
2.5% to 4.25% which represents a considerable varia- 
tion in cost. In our institution the amino acids account 
for 81% of the cost of a TPN solution containing 2.5% 
amino acids. Increasing the amino acid concentration 
to 5% increases the cost by 84%. The use of lipid to 
supply nonprotein calories is another area of contro- 
versy. Infusing a lipid emulsion to supply the majority 
of the nonprotein calories would obviate the require- 
ment for a central venous catheter, since a 10% lipid 
emulsion is isotonic and has a high caloric density of 
1100 calories/L. 

The present study was designed to determine the pro- 
tein and caloric requirements of a large group of adult 
patients requiring TPN. In addition the relative efficacy 
of carbohydrate and lipid was evaluated. The efficacy 
of TPN was determined by measuring the change in 
body composition during the course of TPN. A multiple 
isotope dilution technique was employed to measure 
body fat, the extracellular mass and the body cell mass. 
The body cell mass is the total mass of living cells 
and is therefore that component of body composition 
which consumes oxygen, produces carbon dioxide and 
performs all the work. In contrast the extracellular 
mass is the nonliving extracellular supporting compo- 
nent of body composition. 
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Methods and Materials 


The efficacy of TPN was evaluated in 204 patients 
who received TPN for a total of 4447 days. The pa- 
tients were randomly allocated to receive one of three 
solutions. One hundred two patients received a solu- 
tion containing 2.546 crystalline amino acids (Travasol, 
Baxter Laboratories, Malton, Ont., Canada) and 2596 
dextrose. A second group of 68 patients received an 
identical solution except that the amino acid concentra- 
tion was increased to 5%. In a third group of 34 patients 
a solution containing 576 amino acids (Travasol) with 
25% dextrose was infused with an equal volume of a 
1076 lipid emulsion (Intralipid, Pharmacia Canada Ltd., 
Montreal, Que., Canada). The two solutions were ad- 
ministered at equal rates via a Y-connector. Con- 
sequently, the final solution infused contained 2.546 
amino acids, 12.5% dextrose and 5% lipid. The 
number of patients in each group were unequal 
because the study was performed in two stages. The 
first stage involved randomly allocating patients to re- 
ceive a TPN solution containing 25% dextrose with 
either a 2.5% or 5% amino acids. In the second stage 
patients were randomly allocated to receive either the 
2.5% amino acid with 25% dextrose solution or the 
third solution containing lipid. The mean age and sex 
distributions are indicated in Table 1. The indications 
for TPN are tabulated in Table 2. 

To prevent the development of an essential fatty 
acid deficiencv, the first two groups of patients received 
a weekly infusion of 1000 ml of 10% Intralipid. Trace 
elements and vitamins were administered as described 
by Jeejeebhoy.* Carbohydrate, lipid and amino acid 
intake were determined by measuring the volume of the 
solutions infused. The composition of each solution 


“was obtained from the manufacturer's specification. 


The effect of TPN was quantitatively assessed by 
determining body composition at the beginning, and at 
two-week intervals during the course of TPN. Body 
composition was determined by a multiple isotope dilu- 


TABLE 1. Summary of Study Groups 


2.5% 
2.5% 5606 Amino Acids 
Amino Acids Amino Acids 12.5% Dextrose 
25% Dextrose 25% Dextrose 5% Lipid 
Male 62 (61%) 38 (5696) 23 (68%) 
Female 40 (39%) 30 (44%) 11 (32%) 
Total 102 68 34 
Age 56.2.2 LJ 35,3 = 1.6 005 2 2.3 
Body composi- 
tion studies 267 175 9] 
TPN periods 154 99 55 
Duration (days) 15,0 4.0.3 I3.8 = 0.2" 14.0 + 0.2 


* Significantly different (p < 0.05) from the 2.5% amino acid with 
25% dextrose group by an analysis of variance and Scheffe's test. 
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TABLE 2. Indication for Total Parenteral Nutrition 
2.5% 
2:970 5% Amino Acid 
Amino Acid Amino Acid 12.5% Dextrose 
25% Dextrose 25% Dextrose 5% Lipid 
Malnutrition 15 (15%) 11 (16%) 4 (12%) 
G.I. obstruction 10 (10%) 8 (12%) 4 (1296) 
G.I. fistula 6 (6%) 9 (13%) 7 (2196) 
Inflammatory 
bowel disease 7 (7%) 4 (6%) 0 
Major cancer 
surgery 23 (23%) 9 (13%) 4 (12%) 
Pancreatitis 4 (4%) 1 (1%) 4 (12%) 
Major trauma 6 (6%) 2 (3%) 0 
Major sepsis 29 (28%) 23 (34%) 11 (32%) 
G.I. bleed 2 (2%) 1 (1%) 0 
102 68 34 


tion technique which has been described in detail else- 
where.!*!? This involved the simultaneous intravenous 
injection of 8 Ci of sodium-22 as isotonic sodium 
chloride, and 500 aCi of tritiated water. The total ra- 
diation each patient received from these isotopes was 
217 mRem. Plasma samples are obtained before and at 
four and 24 hours following the isotope injection. All 
of the urine excreted and any other body fluid that 
drained during the 24 hours following the isotope in- 
jection was collected to correct for isotope loss during 
this period. The plasma, urine and diluted aliquots of 
each isotope solution injected, were all counted in a 
Beckman deep well crystal counter and in a Beckman 
liquid scintillation counter. 

Total body water (TBW) was determined from the 
equilibrated plasma tritium concentration. Equilibra- 
tion was usually achieved by four hours in which event 
TBW was calculated from both the four and 24 hour 
samples and a mean TBW was calculated. The total 
exchangeable sodium (Na,) was determined from the 
plasma sodium-22 specific activity at 24 hours. Total 
exchangeable potassium (K,) was calculated from K, 
= R x TBW — Na, where R is the ratio of the sodium 
plus potassium content, divided by the water content 
of a whole blood sample obtained at 24 hours following 
the isotope injection. The accuracy of this indirect 
measurement of K, has been experimentally validated 
in both man and the experimental animal.'* The lean 
body mass (LBM) was calculated using LBM = TBW/ 
0.73 which is based on the assumption that 73% of the 
LBM is water. Body fat (BF) was determined by sub- 
tracting the LBM from body weight (BW). The 
body cell mass in kilograms was calculated from BCM 
= K, x 0.00833. The extracellular mass was obtained 
by subtracting the BCM from the LBM. 

Similar body composition studies were performed in 
25 normal volunteers to establish the normal range for 
the different components of body composition. In- 
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formed consent for the studies was obtained from each 
patient. In addition, the protocol for this study was 
approved by a local institutional ethics committee. 
Throughout this paper the standard error of the mean 
is listed with each mean. The significance of differences 
between means was evaluated by either a paired or 
unpaired Student's t-test or by an analysis of variance 
and Scheffe's test.” 


Results 


Five hundred thirty-three body composition studies 
were performed in 204 patients to evaluate 308 periods 
of TPN of approximately two weeks in duration. The 
distribution of the patients according to the TPN solu- 
tion administered is tabulated in Table 1. The mean 
duration between body composition studies was ap- 
proximately two weeks in duration in each group. 

The magnitude of the daily change in the body cell 
mass is a measure of the efficacy of TPN. However, 
an increase in the body cell mass will occur only in 
individuals with a depleted body cell mass, i.e. in the 
presence of pre-existing malnutrition. In the normally 
nourished patient, i.e. in the absence of pre-existing 
malnutrition, body cell mass will not increase except 
as a result of a special exercise program specifically 
designed to increase muscle mass. The administration 
of excessive amounts of protein and calories to a nor- 
mally nourished patient simply results in an increase 
in body fat without any change in the body cell mass. 
The patients were therefore divided into two groups 
according to the presence or absence of pre-existing 
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malnutrition at the onset of each TPN period. Mal- 
nutrition was defined by the presence of Na,/K, > 1.22. 
The Na,/K, ratio is a measure of the extracellular mass 
expressed as a function of the body cell mass. In the 
normally nourished individual the body cell mass and 
extracellular mass are approximately equal in size and 
therefore the Na,/K, ratio approximates unity. In 25 
normal volunteers the mean Na,/K, was 0.98 + 0.02 
with an upper 95% confidence limit of 1.22 (Table 3). 
Malnutrition results in a loss of body cell mass, ac- 
companied by an expansion of the extracellular mass 
and thus an increase in the Na,/K, ratio.!? Considerable 
body compositional data, obtained in a variety of ex- 
perimental situations, supports the use of the Na,/K, 
ratio to define the presence of malnutrition.!?^!* 

Total parenteral nutrition with the three solutions, 
had a minimal effect on the body composition of the 
normally nourished patients (Table 3). These individ- 
uals were defined as normally nourished by the pres- 
ence of an Na,/K, < 1.22. As expected, in these nor- 
mally nourished patients the body cell mass did not 
increase with any of the solutions tested. To permit 
comparison of the body composition of the three groups 
with each other, and with the body composition of 
the normal volunteers, the data were normalized for 
body size. This was accomplished by expressing K, 
and Na, as a function of TBW. Thus, K,/TBW is a 
measure of the body cell mass, normalized for body 
size. Similarly, Na,/TBW is a measure of the extra- 
cellular mass. In the three groups of normally nourished 
patients, the K./TBW and Na,/TBW were not signif- 
icantly different from normal. 


TABLE 3. The Effect of TPN on Body Composition in Normally Nourished Patients 


2.5% Amino Acid 


2.596 Amino Acid 


596 Amino Acid 12.5% Dextrose 


25% Dextrose 25% Dextrose 5% Lipid 
Normal 
Volunteers Pre- Post- Pre- Post- Pre- Post- 

Weight (kg) 10.4 x 2.5 38.7] € LS. 399 € L.5* 60.5 + 2.5 62,7 & Z0" 67,3 € 7.4 68.8 + 7.8 
Body fat (kg) 20.2 36 14 13.0 4 1,2. 156 & LI" 16.2 + 1.9 16.0 + 1.8 18.1 + 4.8 19.4 2 7.1 
Lean body mass (kg) 30.3 = 1.9 45.7 € 5.1 4542 11 443 2 1.5 25.7 & L.7* 49.2 + 4.0 49.4 + 3.5 
Body cell mass (kg) 24.1 € L1 21.3 2€ 0.6 20.6 + 07 20.8 + 0.9 21.2 * 1.2 21.9 € 1.7 20.8 + 2.8 
Extracellular mass (kg) 25.6 + 0.9 24.5+0.6 24.8 + 0.6 23:03 £07 25.55 0.8" 2h32. 28.6 + 1.0 
K,/TBW (mEq/L) 80.0 + 1.0 753 &£ 08 Mi hr 1637 #12 73.6 £ 20" 13.4 = 0.7 68.1 + 4.5 
Na,./TBW (mEq/L) 77.5 € 0.9 76.66-0.7 78.5 + 1.0 14.7 £13 5.2 € L7 81.4 + 2.1 81.6 + 3.8 
Na,/K, 0.98 + .02 1.01 x 02 1.102 .04* 0.98 + .03 1.07 2 03" 1.11 + .03 1.23. = 0.1 
Patients 25 50 23 5 

Studies 116 50 10 

TPN periods 64 ae 5 

TPN days 15.2 & 0.7 13.6 + 0.3 14.4 + 0.2 

Total calories (cal/kg/day) 49.6 + 1.4 51.8 + 2.4 58.0 + 6.8 

Carbohydrate (cal/kg/day) Oo = 1.2 41.1 + 1.9 ALB Bae 

Lipid (cal/kg/day) 0.8 + 0.2 1.6 + 0.2 225.0 ue 3.5 

Protein (g/kg/day) 1.28 + .04 2.29 = 124 1.29 + .14 


* Significantly (p < 0.05) different from pre-mean by a paired 
Student’s t-test. 


t Significantly (p < 0.05) different from the other two groups by an 


analysis of variance and Scheffe's test. 
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In the normally nourished patients receiving 2.596 
amino acids with 25% dextrose the body weight in- 
creased by 1.3 + 0.4 kg (p < .005) during the 15.2 + 0.7 
days of TPN. This increase was due principally to a 
1.6 + 0.7 kg (p < .05) increase in body fat. A similar 
increase of 2.2 + 0.5 (p < 0.001) kg was observed in 
the patients who received the solution containing 596 
amino acid and 2546 dextrose. In these patients the in- 
crease in body weight resulted from a 2.0 + 0.7 (p 
< 0.01) kg increase in the extracellular mass. In the 
patients receiving 2.5% amino acids, 12.5% dextrose 
and 5% lipid, the small changes in body composition 
were not statistically significant. 

TPN with each of the three solutions tested resulted 
in a significant improvement in the body composition 
of the patients with pre-existing malnutrition as defined 
by an Na,/K, > 1.22 (Table 4). In the patients receiving 
the solution containing 2.5% amino acid and 25% dex- 
trose, body weight increased by 1.1 + 0.5 kg (p < 0.05) 
due principally to a 0.9 + 0.3 kg (p < 0.01) increase 
in the BCM. In these patients the mean K,/TBW (p 
< 0.01) increased, accompanied by a decrease in both 
Na,/TBW (p < 0.01) and Na,/K, (p < 0.05); changes 
characteristic of an improvement in the nutritional 
state. Similar changes were observed in the malnourished 
patients who received the solution containing 5% amino 
acids. In this group the mean body weight increased 
by 0.8 + 0.4 kg (p < 0.05) and the body cell mass in- 
creased by 1.2 + 0.4 kg (p < 0.005) during the 13.8 
+ 0.2 days of TPN. The changes in K,/TBW (p 
< 0.001), Na,/TBW (p < 0.001) and Na,/K, (p < 0.001) 
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also indicated an improvement in the patient's nutri- 
tional state. TPN with lipid supplying 4796 of the non- 
protein calories also resulted in a 1.0 + 0.4 kg (p 
< 0.05) increase in the body cell mass. However, in 
these patients the 1.7 + 0.5 kg (p < 0.005) increase 
in body weight was also due to a significant increase 
in body fat. The increase in K,/TBW was significant 
(p < 0.025) but the small changes in both Na,/TBW 
and Na,/K, were not statistically significant. 

TPN with the three solutions tested resulted in a 
significant increase in the body cell mass. The magni- 
tude of this increase was similar in the three groups. 
Thus, increasing the amino acid concentration from 
2.5 to 596 did not significantly affect the magnitude 
of the improvement in body composition. Similarly in- 
fusing 4746 of the nonprotein calories as lipid did not 
appear to affect the improvement in body composition. 
However, significantly more calories were infused into 
the patients receiving lipid. The total calories/kg body 
weight was 15% greater in the lipid group as compared 
to the first group receiving 2.5% amino acids and 25% 
dextrose. To account for the differences in caloric and 
protein intake, the data obtained in the three groups 
of malnourished patients were combined and the daily 
change in body cell mass (ABCM) was correlated 
with the carbohydrate, lipid and protein calories/kg 
body weight infused and with the nutritional state as 
measured by Na,/K,. A total of 212 TPN periods were 
therefore available for multiple linear regression analy- 
sis. This approach was possible as the ratio of amino 
acid to nonprotein calories, and the ratio of lipid to 


TABLE 4. The Effect of TPN on Body Composition in Patients with Pre-existing Malnutrition 





2.596 Amino Acid 


2.596 Amino Acid 


5% Amino Acid 12.5% Dextrose 





25% Dextrose 25% Dextrose 5% Lipid 
Normal 
Volunteers Pre- Post- Pre- Post- Pre- Post 
Weight (kg) 70.4 * 2.5 519 *€ L3 58.6 + 1.4* 56.9 + 1.5 3413 & E est 3 99.1 € 2.4* 
Body fat (kg) 20.2 € 14 11.9+ 0.9 12.4 + 0.8 13.6 + 0.9 14.4 + 1.0 13.6 + 1.6 15.5 = 16° 
Lean body mass (kg) 50.3 € L9 45.6 € 1.1 46.2 + 1.0 43.3 2 1.3 43.3 = 1.40 43.8 + 1.5 43.6 € L3 
Body cell mass (kg) 24.7 € L.] 15.5 + 0.5 16.4 + 0.4* 14.9 + 0.5 16.1 = 0.5* 14.6 + 0.7 15.6 € 0,8" 
Extracellular mass (kg) 25.6 & 0.9 30.1 + 0.8 29.9 + 0.9 28.4 + 0.9 24,3. 5 0.7 29.2 4-1. 28.0 + 1.0 
K,/TBW (mEq/L) 80.0 + 1.0 56,1 * 1.17 302 « L3'T 9556.5 SLT GLIS I2 54.7+ 1.41 58.2 + 1.6*f 
Na,/TBW (mEq/L) 11.5 & 0.9 94.6 + 1.07 915 = 1.2" S22 uw EET BR e 1.2 545.1 x 31 913 € L3T 
Na,/K, 0.98 + .02 1.79 = .07T 1.66 + .06*+ 1.712 0.061 1.50 .05*T LES 4T — 705 6.117 
Patients 25 33 50 29 
Studies 151 125 81 
TPN periods 90 72 50 
TPN days 14.9 + 0.34 138 € 02 1403 9,22 
Total calories (cal/kg/day) 49.5 + 1.4 53.6 + 1.6 57.1 € 235 
Carbohydrate (cal/kg/day) 43.5 € 12 41.6 + 1.2 Z6 3 LH 
Lipid (cal/kg/day) 0.8 + 0.1 252051 24.4 + 1.2t 
Protein (g/kg/day) 1.26 + .04 2.97 € O74 1.36 — .06 





analysis of variance and Scheffe's test. 
t Significantly (p — 0.05) different from the other two groups by an 
analysis of variance and Scheffe's test. 


* Significantly (p — 0.05) different from pre mean by a paired 
Student's t-test. 
t Significantly (p — 0.05) different from normal volunteers by an 
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Fic. 1. The relationship between the mean daily change in the body 
cell mass, in g/day, and the daily caloric intake in calories/kg body 
weight for TPN solutions in which the nonprotein calories are either 
carbohydrate, lipid or 50% carbohydrate and 50% lipid. The daily 
amino acid infusion rate was set at 1.26 g/kg body weight and the Na,/ 
K. ratio was set at 1.5 indicating moderate malnutrition. The carbo- 
hydrate and lipid curves intercept the abscissa at 36 and 55 calories/ 
kg body weight. With the carbohydrate curve the infusion of 50 
cal/kg body weight/day results in a 69 g/day increase in the body 
cell mass. 


carbohydrate calories were different in the three solu- 
tions. The resulting regression 


ABCM?# = —348.5 + 4.9 CHO* + 32 lipid* 
(p < 0.005) (p < 0.05) 


+ 4.7 protein* + 98.7 Na//K, 
(NS) (p < 0.001) 


was Statistically significant (p < 0.01) with a multiple 
correlation coefficient (r) of 0.4. The low correlation 
coefficient is indicative of considerable scatter of the 
data about the regression line. This scatter was re- 
duced by correlating the mean daily change in body cell 
mass, expressed as g/kg body cell mass, against the 
caloric intakes expressed as the mean daily calories/kg 
body cell mass. The resulting regression was 


ABCM§ = -24.0 + 0.11 CHO: + 0.07 lipid 


(p < 0.001) (p < 0.01) 
+ 0.14 proteint + 5.4 Na,/K, 
(NS) (p < 0.001) 


This regression was similarly significant (p < 0.01) with 
less scatter of the data about the regression as in- 
dicated by a larger multiple correlation coefficient (r 
= 0.6). With both regression equations, the regression 
coefficient associated with the protein infused was not 
statistically significant. The regression coefficients as- 
sociated with the Na,/K, ratio and with the carbo- 
hydrate and lipid calories infused were statistically 
significant. 





* calories/kg body weight/day. 
* g/day. 

t calories/kg BCM/day. 

8 g/kg BCM/day. 


50%CHO 
^ 5O%Lipid 
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Discussion and Conclusions 


The regression curves indicate that the rate at which 
a depleted body cell mass is restored is dependent 
on the number of calories infused and the degree of 
malnutrition, and is not affected by an increase in the 
amino acid concentration from 2.5 to 5%. In both re- 
gression equations the regression coefficient associated 
with carbohydrate calories is larger than the coefficient 
associated with lipid calories. This indicates that in the 
malnourished patient a carbohydrate calorie is more 
efficient than a lipid calorie. This is demonstrated in 
Figure | where the daily change in the body cell mass 
is plotted against the daily nonprotein calories/kg body 
weight. The curves in Figure 1 and all subsequent fig- 
ures were derived from the regression in which the 
calories were expressed as a function of body weight. 
Although this regression equation is less precise than 
the equation in which calories are expressed as a func- 
tion of the body cell mass, it was used as the resulting 
data are more applicable to daily clinical practice. Be- 
cause the regression involves four independent param- 
eters, the curve can only be plotted in a multidimen- 
sional space. However, by setting several of the inde- 
pendent parameters constant, a two dimensional graph 
can be plotted. Thus, in Figure 1 Na,/K, is set equal 
to 1.50, indicating moderate malnutrition, and the daily 
amino acid infusion rate was set at 1.26 g/kg body 
weight; the mean amino acid infusion rate in the mal- 
nourished patients receiving the 2.596 amino acid solu- 
tion. When carbohydrate supplies all of the nonprotein 
calories, the body cell mass is maintained with a daily 
infusion of 36 cal/kg body weight. A daily infusion of 
50 cal/kg body weight results in a 69 g/day increase 
in the body cell mass (Figure 1). When lipid supplies 
all of the nonprotein calories, maintenance requires 
an infusion of 55 cal/kg body weight. With a solution 
in which 50% of the nonprotein calories are supplied 
by lipid, maintenance of the body cell mass is achieved 
with 44 cal/kg body weight while a daily increase of 
16 g/day of the body cell mass results when 50 calories/kg 
body weight are infused. Using the mean values for 
the group receiving lipid (Table 4) the regression equa- 
tion predicted a daily increase in the body cell mass of 
72.8 g/day, or 1.0 kg over the 14 days of TPN. This 
is identical to the measured mean increase in the body 
cell mass (Table 4). These data indicate that carbo- 
hydrate calories are far more efficient than lipid calories. 
This is in agreement with the report of Long et al.* 
In a study involving patients with extensive burns re- 
ceiving TPN, a decrease in nitrogen balance occurred 
when lipid supplied more than 20% of the energy re- 
quirement. In contrast Jeejeebhoy et al. failed to detect 
a difference in nitrogen balance in patients receiving a 
TPN solution in which lipid replaced carbohydrate and 
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supplied 93% of the nonprotein calories.’ In the present 
era of cost containment the cost of the lipid emulsions 
is an important additional consideration. In our in- 
stitution, the cost of a lipid calorie is 1180% greater 
than that of a carbohydrate calorie. 

The regression equation also demonstrates that in- 
creasing the amino acid concentration did not alter the 
rate at which a depleted body cell mass is restored. In 
Figure 2, the daily change in body cell mass is plotted 
against the caloric intake. Again, the Na,/K, is set equal 
to 1.50 indicating moderate malnutrition and all of the 
nonprotein calories are in the form of carbohydrate. 
The curves for a daily amino acid intake of 1.26 and 
2.37 g/kg body weight are plotted. The latter is the mean 
daily amino acid infusion rate in the malnourished 
group receiving the 5% amino acid solution. Increasing 
the amino acid concentration shifted the curve to the 
left and therefore at the same caloric intake there is a 
more rapid restoration of a depleted body cell mass. 
This apparent increased efficiency disappears when the 
extra calories associated with the increased amino acid 
concentration are taken into account (Fig. 2). Thus in- 
creasing the amino acid concentration from 2.5% to 5% 
did not increase the efficiency of the TPN solution. 
However, this increase was associated with an 8496 
increase in cost. Previous studies have demonstrated 
that at any level of protein intake, increasing caloric 
intake improves nitrogen balance.”° A similar improve- 
ment of nitrogen balance occurs as the protein intake 
is increased. However, the latter relationship tends to 
level off at higher levels of protein intake. The present 
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FiG. 2. The two solid lines depict the relationship between caloric 
intake and the daily increase in the body cell mass when the daily 
amino acid infusion rate is either 1.26 or 2.37 g/kg body weight. 
These amino acid infusion rates are the mean rates received by 
the patients receiving the 2.5% and 5% amino acid solutions re- 
spectively. The Na,/K, was set at 1.50. The broken line depicts the 
relationship associated with a daily infusion of 2.37 g/kg amino acids 
when the extra calories associated with the higher amino acid con- 
centration is taken into account. 
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FıG. 3. The relationship between caloric intake and the repletion 
rate of the body cell mass with varying degrees of malnutrition, as 
indicated by the Na,/K,. The larger the Na,/K, ratio the more severe 
the malnutrition. Thus the Na,/K, = 1.5 and Na,/K, = 2.5 curves 
intercept the abscissa at 36 and 16 cal/kg body weight/day respec- 
tively. The daily infusion of 50 cal/kg body weight, results in a daily 
body cell mass increase of 69 grams when Na,/K, — 1.5 and 168 
grams when Na,/K, = 2.5. 


study suggests that with a 2.5% amino acid solution, 
the patients are probably on the flat part of the curve 
relating protein intake and nitrogen balance. As a result 
increasing the amino acid concentration above 2.5% 
had very little effect on the restoration of a depleted 
body cell mass. 

A relationship exists between the degree of malnu- 
trition and the restoration rate of the body cell mass. 
This relationship is demonstrated in Figure 3 where the 
daily change in the body cell mass is plotted against 
the nonprotein calories/kg body weight, for increas- 
ingly more severe malnutrition, as indicated by in- 
creased Na,/K, ratios. The amino acid infusion rate is 
set at 1.26 g/kg body weight and all of the nonprotein 
calories are carbohydrate. As the severity of malnutri- 
tion increases the caloric requirement for maintenance 
decreases. Thus when Na,/K, — 1.5, maintenance is 
achieved with 36 cal/kg body weight, while 16 cal/kg 
body weight is sufficient for maintenance when Na,/K, 
— 2.5. Similarly, the daily infusion of 50 cal/kg body 
weight results in a daily increment of 69 g of body cell 
mass when Na//K, = 1.5 and an increment of 168 g 
when Na,/K, = 2.5. Thus, at a constant caloric intake 
the restoration rate of the body cell mass decreases 
continuously as the malnourished state is corrected. 
As the normally nourished state is approached the rate 
of change of the body cell mass approaches zero. This 
was supported by the present study where there was no 
change in the body cell mass of the normally nourished 
patients receiving TPN (Table 3). These data empha- 
size the importance of a knowledge of an individual's 
nutritional state when evaluating the results of nutri- 
tional therapy. This is true both when body composi- 
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tion studies, or nitrogen balance measurements are em- 
ployed to assess the efficacy of nutritional support. 
Thus long-term positive nitrogen balance does not occur 
in the normally nourished individual, in the absence 
of a special exercise program designed to increase mus- 
cle mass. 

The present study has demonstrated a relationship 
between the restoration rate of the body cell mass 
and the caloric intake. A similar relationship was re- 
cently reported by Elwyn et al.? They described a 
straight line relationship between nitrogen balance, in 
mg/kg body weight, and the daily kilocalories/kg body 
weight infused. The line had a slope of 1.4 mg nitrogen/ 
calorie and an intercept of —24.3 mg nitrogen/kg body 
weight. With this equation and the mean values for 
the malnourished patients receiving the 2.596 amino 
acid solution (Table 4) a daily positive nitrogen balance 
of 45 mg/kg is predicted. This is equivalent to a daily 
increase in the body cell mass of 64 g/day or 0.96 kg 
for the 14.9 days this group received TPN. Using the 
same mean values, the regression equation, derived in 
the present study, predicted a body cell mass increase 
of 69 g/day or 1.0 kg for the 14.7 day period. The 
measured difference in body cell mass was 0.9 kg (Table 
4). There is therefore excellent agreement between the 
regression equation developed in the present study and 
that developed by Elwyn et al. 

In the present study malnutrition was defined by the 
presence of a Na,/K, > 1.22. The data obtained in the 
present study supports the validity of this definition 
of malnutrition. Thus the K,/TBW, a measure of the 
body cell mass normalized for body size, was normal 
in the individuals defined as normally nourished on the 
basis of the Na,/K, ratio. Furthermore, as expected 
in these normally nourished individuals TPN had no 
effect on their body cell mass. In contrast, in those 
patients who were considered malnourished, on the 
basis of a Na,/K, < 1.22, the body cell mass was sig- 
nificantly reduced below normal. In addition TPN re- 
sulted in a significant increase in their body cell mass. 
The data therefore indicates the Na,/K, ratio accurately 
differentiated the malnourished from the normally 
nourished individual. 


DISCUSSION 


DR. GEORGE H. A. CLOWES, JR. (Boston, Massachusetts): I have 
only one problem on reviewing Dr. Shizgal’s manuscript. I find that 
in each of Dr. Shizgal's groups receiving total parenteral nutrition 
about a third of the patients were septic. The rest were nonseptic 
and in various states of malnutrition. 

(slide) Our experience has been that a seriously septic patient 
requires at least as much nitrogen intake as he or she is losing, 
which usually amounts to approximately 20 g or more per day, or 
approximately 120 g protein. In addition at least 40 calories per 
kilogram must be given per day if a positive nitrogen balance is to 
be attained. 
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I would just simply show you that in the septic group with the 
white bar here, we produced a positive nitrogen balance, and it 
required at least 0.3 g of nitrogen per kilogram of body weight per 
day. Therefore, it is necessary to clarify this matter, because Dr. 
Shizgal's group receiving the 2.5% solution was getting only 0.2 g 
of nitrogen per kilogram of body weight per day. 

(slide) When we plotted the total release of amino acids from 
peripheral tissue, which in addition to infusion is the source of amino 
acids, we found that the product of calories times nitrogen infused 
was closely and inversely related to the rate of peripheral protein 
breakdown. Few of the patients were actually brought to the state 
in which they were not breaking down some peripheral tissue. 

The signal for protein breakdown in the septic patient is vastly 
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different from that of the patient who is simply malnourished. There- 
fore, I find it difficult to compare patients who are septic with those 
who may not be septic but simply require total parenteral nutrition 
because of fistulas. 


DR. PAUL R. SCHLOERB (Rochester, New York): The data are 
presented at averages. I would like to ask Dr. Shizgal if he has done 
paired analyses in these patients and whether he has calculated the 
data as before and after. 

If you accept a value of about 3,000 mEq for total exchangeable 
body potassium, and most of us would not apologize for a measure- 
ment error of 5% in that 3,000 mEq, that makes it 150 mEq prob- 
able error. If I calculate correctly, the changes that you have ob- 
served in two weeks are about 200 mEq of potassium, or an error 
of plus minus nearly 100%. 

Very much in your favor is the fact that these are random and 
not systematic errors. I suspect that the large numbers of patients 
and body composition measurements which you have carried out 
have taken advantage of this randomization process, but I would 
appreciate your comments on that. 

Finally, in the United States we do not have access to the radio- 
isotope sodium-22, to carry out the studies which you have done. 
I would therefore, ask whether anything else might correlate with 
your Na,/K, ratio, things, for example, that we have easy access to, 
such as serum albumin level, skin testing and lymphocyte count. 


DR. STANLEY M. LEVENSON (Bronx, New York): As Dr. Shizgal 
mentioned, he and his colleagues looked at more than one question: 
1) Is there a difference in terms of the body cell mass repletion 
and total body weight gain of patients, roughly similar in their clini- 
cal status and problems, when different quantities of amino acids 
are infused parenterally with roughly equivalent caloric intakes. 2) 
Is there a difference in the efficiency of fat calories versus carbo- 
hydrate calories in terms of body cell mass repletion. 

I'd like to limit my discussion to consideration of those groups 
of patients which Dr. Shizgal and his colleagues classify as mal- 
nourished, using their criteria, particularly the ratio of Na,/K,. Dr. 
Shizgal's conclusion regarding the influence of varying amino acids 
intake is, on the face of it, different from what we heard this morning 
from Dr. Alexander. However, one has to bear in mind that the 
two studies (Shizgal's and Alexander's) are markedly different — 
the age of the patients (adults vs. children), the dietary intakes 
(parenteral amino acids vs oral protein), repletion versus prevention 
of depletion, and the nature of the underlying clinical problems (e.g., 
chronic intestinal disease vs acute burns). 

As Dr. Clowes mentioned, I also noticed that roughly a third of 
the malnourished patients studied by Shizgal and colleagues were 
in the septic category, but, unlike Dr. Clowes, I have made the 
assumption that Dr. Shizgal has already looked at the data of the 
various subgroups separately, and decided that there was not much 
difference among them so that he felt justified in considering them 
together as a single group. Now, this assumption may be incorrect, 
in which case I agree with Dr. Clowes that this important subgroup 
(septic patients) should be considered separately, since it is generally 
held that their metabolic changes and nutritional requirements differ 
from those in a stable chronic state. 

I must say that I am surprised that there was no apparent dif- 
ference in the effectiveness of an increase in the proportion of 
calories coming from amino acids, but that's what Shizgal's data 
shows. Would this be so were other parameters, e.g., immunologic, 
assessed? 

In terms of the relative "'efficiency," in terms of repletion, of 
fat versus carbohydrate, the calculations which Dr. Shizgal has gone 
through in the various regression curves and coefficients that he's 
shown us seem to substantiate his conclusion that the fat is rela- 
tively less—in fact, considerably less— efficient from the point of 
view of gain of body cell mass, calorie for calorie, than carbohydrate. 
However, one of the tables in the manuscript suggests to me that 
for this group of patients, considering them as a whole, when a 
level of around 52 calories per kilogram per day is reached, about 
the maximal gain in body cell mass "possible" is achieved and 
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that every calorie beyond that is going to result in body fat. I mention 
this because the group getting intravenous fat did get more calories 
than the group not getting fat, and the group receiving intravenous 
fat did gain more body fat. I am aware that Dr. Shizgal feels that 
the estimations of body fat may be of limited accuracy, but, never- 
theless, the data are fairly clear. I just am not convinced yet that 
carbohydrate is that much "'better" than fat in these calorie intake 
ranges and proportions for the patient who is malnourished and not 
hypermetabolic. In that regard, my last question to Dr. Shizgal is: 
Did you have occasion to measure the oxygen consumption of the 
patients? If so, were there any differences among the groups at the 
start, during control periods, and later in response to the parenteral 
therapy with the different regimens? 


DR. HARRY M. SHIZGAL (Closing discussion): In response to both 
Dr. Clowes and Dr. Levenson, who asked about the septic patients, 
I must admit that this problem has troubled us for some time. We 
intuitively feel that the septic patient has a higher requirement than 
the nonseptic patient. Our problem has been to determine objectively 
which patients are septic and how septic they are. This problem 
is exemplified by the patient who is referred for parenteral nutrition 
who is clinically septic because of a pelvic abscess. The abscess 
is drained, and the patient is left with a fistula. He is no longer 
septic, and we do not know what group to put him into, especially 
since the abscess is drained between our two-week measurements. 
As a result we group all the patients together and obtain an estimate 
of the average requirements of the average patient in a general hospi- 
tal who requires TPN. With this patient population, we attempted 
to determine if it makes any sense to increase the amino acid con- 
centration from 2.5% to 5%, which increases the cost by approxi- 
mately 80%. 

Dr. Schloerb asked the question about the precision of the meas- 
urements and the ability to detect these small changes. He has in 
part answered the question. Because the error is of a random and 
not a systematic nature, by increasing the size of the group the 
precision of the mean is increased. We did do paired analysis. In 
fact, most of the statistics are paired Student's t-tests, as we were 
testing the significance of a change during a two-week period. To 
increase the precision of the differences of two large measurements, 
the size of the sample must be large. 

Dr. Schloerb also asked whether there was an indirect method 
of estimating the Na,/K, ratio, which, as you can see, is a sensitive 
index of the nutritional state of the patient. My colleagues and I 
recently completed a fairly large study in which we attempted to 
do this by correlating this ratio with albumin, skin testing and skin 
fold thickness. A multilinear regression was performed between a 
combination of these anthropometric and biochemical measurements 
and the Na,/K. ratio. The various commonly used anthropometric 
and biochemical measurements are a poor estimate of the Na,/K, 
ratio. 

Dr. Levenson was also skeptical about our results regarding amino 
acid requirements, and I can understand his skepticism. When we 
originally designed this study, we thought that the optimum amino 
acid concentration would be somewhere between 2.5 and 5% and 
our original plan was to determine the optimum concentration from 
the appropriate regression. We were just as surprised as he was to 
discover that increasing the amino acid concentration above 2.5% 
made no difference. A week ago I was speaking to a group of animal 
nutritionists in Texas whose main business is to look at the relation 
between feed and weight gain in cattle. To them, this is a serious 
economic problem. To my surprise, I found that they have arrived 
roughly at the same number as we have. In other words, in feeding 
cattle, you optimize the protein content of the food at roughly 30 g 
of protein per megacalorie. If you convert it into the terms we use, 
that turns out to be 0.03 g per kilocalorie, or roughly the ratio we 
had in our solution that contained 2.5%. 

Dr. Levenson also asked us about oxygen consumption. I must 
admit that we have started to perform these measurements in pa- 
tients, specifically to stratify the patients in order to have an objec- 
tive determination of their metabolic activity, and therefore to 
quantify the degree of sepsis. 
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Forty-six patients with surgical sepsis were studied prospec- 
tively until death or survival to evaluate the effect of exogenous 
metabolic support on the observed plasma substrate levels and 
on the differential endogenous utilization of branch chain amino 
acids. There were no effects of administered glucose or colloid 
load. The administered amino acid load had little effect on 
substrate levels in patients who died; but significantly effected 
the observed levels of glycine, isoleucine, and methionine in 
patients who survived. Evidence is presented which suggests 
that fatal sepsis is associated with an increased release of en- 
dogenous valine and isoleucine into plasma, as well as increased 
plasma levels of tyrosine, proline, and methionine. These ab- 
normalities are highly correlated with the increased levels of 
plasma alanine and occur at a time when the nonsurviving 
septic patient manifests a tendency toward reduced oxygen 
consumption and abnormal vascular tone relations — the septic 
B state. These data are consistent with the hypothesis that 
increased muscle protein catabolism is occurring with a dif- 
ferential utilization of branch chain amino acids and increased 
use of leucine and isoleucine and reduced use of valine. This 
autocannibalism of muscle mass appears to be the source of 
the increased plasma alanine and is little influenced by ad- 
ministered amino acid support in the absence of control of 
the septic process. 


HE SYSTEMIC SEPTIC RESPONSE appears to be a host- 
T related phenomenon; and to be independent of 
the type of invasive organism.! It's physiology and 
metabolism have been described by a number of in- 
vestigators.? * In those patients who eventually die, the 
process appears to be metabolic in origin, with a pro- 
gressively increasing preference for endogenous protein 
as a catabolic energy source. A number of studies in 
animals and humans have indicated a preference for 
branch chain amino acids as a dominant fuel for energy 
production. 

An integral part of the management program in septic 
patients is the use of exogenous metabolic support in 
the form of glucose and amino acids. There is some 
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evidence that this support has a protein sparing effect 
on muscle.‘ Other investigators, however, have ques- 
tioned whether or not the current exogenous metabolic 
support is adversely affecting substrate levels and, thus, 
contributing to the adverse outcome.*^? 

The present study was undertaken in a group of pa- 
tients with surgical sepsis whose clinical course led to 
survival or death. The studies were designed to gain 
additional insight into two important issues: 1) the ef- 
fect of the exogenous metabolic support regimen on 
observed plasma substrate levels; 2) differential endog- 
enous protein utilization, particularly as it pertains to 
the branch chain amino acids. 


Materials and Methods 


Forty-six patients with gram negative sepsis were 
prospectively studied until they survived or died. Sur- 
vival was defined as leaving both the intensive care 
unit and the hospital alive. The studies were performed 
with informed consent in accordance with protocols 
approved by the Human Investigations Committee of 
the Buffalo General Hospital. 

All patients presented with severe clinical sepsis 
from an abdominal source: diverticulitis, perforated 
colon cancer, pancreatic abscess, cholangitis from 
biliary tract obstruction, or penetrating abdominal 
trauma with fecal peritonitis. All had blood cultures 
with gram negative organisms; a source culture with 
the same organism as was present in the blood. The 
source was surgically identified in all patients and was 
controlled by surgical drainage and/or extirpation. 
None of the patients had diabetes mellitus or hepatic 
cirrhosis; none received exogenous steroids or insulin. 

A uniform cardiovascular and support regimen was 
used. Hemoglobin was maintained at 12— 13 g/dl. Blood 
volume (preload) was optimized to obtain a maximum 
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Starling effect with repeated cardiac output monitoring. 
A concerted effort was made to maintain an oxygen 
consumption index (OCI) of over 120 ml/min/M*. If 
this could not be done with volume expansion, ino- 
tropic support with dopamine (3-5 yg/kg/min) or iso- 
proterenol (0.25—0.75 g/min total dose) and/or after- 
load reduction with nitropaste (1 to 2 inches every 4 hrs.) 
were added. All patients were digitalized. Patients with 
cardiogenic decompensation, i.e. a cardiac index (CI) 
less than 2 L/min/M?, were excluded from the study to 
eliminate the ischemic influence of the low flow state on 
the observed physiologic and metabolic parameters. 

Although the serum creatinine was elevated in most 
patients, none required or received any form of dialy- 
sis. Glomerular filtration rates were usually 15-20 ml/ 
min or greater as judged by creatinine clearance or 
isotope dilution studies. Appropriate antibiotics were 
used, either as clindamycin/aminoglycoside or chlor- 
amphenicol/aminoglycoside combinations. Aminogly- 
coside dosage was adjusted on the basis of serum 
kinetic studies. 

The metabolic support was begun 24 hours after re- 
suscitation. Resuscitation was performed with Ringers 
Lactate or normal saline in 5% dextrose. The metabolic 
support regimen was given as a commercial amino acid 
mixture (Aminosyn) in an isotonic solution (3.7%) or in 
15 or 25% glucose. The type of solution given was 
based on maintaining a blood glucose of 250 + 50 mg/dl 
without the use of exogenous insulin. The volume of 
solution used was based on the degree of prerenal 
azotemia in a setting of optomized volume expansion. 
The dose of amino acids was increased until the BUN 
exceeded that appropriate for the creatinine by 20 mg/dl 
e.g. with a creatinine of 2, amino acids were given 
until a BUN of 55-65 mg/dl was obtained. A summary 
of the fuel load is shown in Table 1. No exogenous 
fat was given. A full complement of vitamins and trace 
elements was given once a day. Colloid as plasma pro- 
tein fraction or salt-poor albumin was given to maintain 
a normal colloid osmotic pressure (20—30 g/day). 

Physiologic- metabolic study interventions were 
performed daily. The physiologic assessment of cardio- 
vascular dynamics was done with cardio-green in ac- 
cord with the method of Siegel et al.'? The parameters 
determined were: CI, ejection fraction (EF), right 
atrial pressure (RAP), mean blood pressure (MBP), 
total peripheral resistance (TPR), arterial and mixed 
venous blood gases, arteriovenous oxygen saturation 
difference (A-VO;), OCI and a physiologic state class 
determination that was derived from a statistical analy- 
sis of these data.!^'!! 

Metabolic studies were done on heparinized arterial 
blood. All colloid, glucose, and amino acid solutions 
were discontinued 30 minutes prior to metabolic 
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TABLE 1. Patient Summary 








Survived Died 
Number of patients 22 24 
Interventions 95 112 
Amino acid load, Gm/BSA/Day 0-80 0-70 
Mean amino acid, Load-g/BSA/day* 44 36 
Glucose load, calories/BSA/day 0—2500 0—1700 
Mean glucose load, calories/BSA/day 850 760 





* Patients receiving amino acid. 


sampling. Plasma amino acids were determined on a 
Beckman or Joel Amino Acid Analyzer: leucine (Leu), 
isoleucine (Ileu), valine (Val), alanine (Ala), proline 
(Pro), methionine (Meth), threonine (Thr), tyrosine 
(Tyr), phenylalanine (Phe), tryptophan (Trp), and gly- 
cine (Gly), plasma glucose, lactate (Lac), pyruvate (Pyr), 
free fatty acids (FFA), glycerol, acetoacetate (AcAc), 
betahydroxybutyrate (BOHB), and triglycerides (Trig) 
were determined by standard techniques. 

The age and sex distribution in surviving patients and 
those who died were not significantly different. Twenty- 
two patients with 95 interventions survived; 24 patients 
with 112 interventions died. Each patient was studied 
a minimum of four times, with each study being done 
on a separate day. As each study set may have some 
missing data, various subsets of these interventions 
were used to derive the correlations and covariance 
analyses presented in this paper. 


Results 
Overall 


An overview of the metabolic and physiologic data 
is presented in Figure 1A and B and Table 2. The 
dark inner circle represents the mean value for each 
variable from a stress control group of nonseptic, non- 
cirrhotic, trauma-general surgery patients on day | 
postoperative. Each of the dotted circles is one stand- 
ard deviation from that stress control mean. In Figure 
1A the mean values from septic patients who survived 
and from those who expired are depicted as data points 
relative to this stress control group. The same data 
are presented in Figure 1B using the A and B phys- 
iologic state classification found in hyperdynamic sep- 
sis,!! instead of survival outcome. 

In the physiologic state classification system, the 
A-state is one of a balanced stress response. There 
is an increase in CI and contractility, vascular tone is 
proportionate to the increased flow, and increased oxy- 
gen extraction and O,CI. The B-state represents an 
unbalanced physiologic and metabolic stress response. 
Vascular tone is abnorinal, with a TPR inappropriately 
low for the level of increased CI. Oxygen extraction 





FiG. 1A. Circle diagram depicting overall observed plasma substrate 
levels and physiologic data. The dark innercircle represents the mean 
values for a group of nonseptic, noncirrhotic, general surgery pa- 
tients on day 1 postoperative. Each dotted circle is one standard 
deviation from the control mean. Each mean value for each variable 
for the septic patients who expired or survived is plotted relative 
to the stress control. Straight line: septic deaths. Broken line: septic 
Survivors. 


and O;CI are reduced and there is a tendency toward 
metabolic acidosis. 

Septic patients, whether they survive or expire, move 
from one physiologic state to another during the course 
of their disease. Septic patients who die from the met- 
abolic consequences of their sepsis, tend to progres- 
sively move toward the B-states prototype and spend 
more time oscillating into and out of B-state trajec- 
tories. Depicting the overall data by physiologic state, 
therefore, can serve as an organizing principle for 
analyzing the metabolic data'? (Figure 1B). In depict- 
ing the data by survival outcome in Figure 1A, in which 
all the state transitions (A to B and B to A) are lumped 
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FiG. IB. The circle diagram is the same as 1A, except the septic 
patients are now depicted by physiologic state A and B. In general, 
the A-state represents patients who survive; and the B-state patients 
who are more likely to expire. See text for a more detailed ex- 
planation. Straight line: septic deaths. Broken line: septic survivors. 


together throughout the time-course of each patient's 
illness, some of the analytic separation is lost. How- 
ever, the overall similarity between the B-state pattern 
and those who expired, and A-state pattern and those 
who survived is maintained. Patients who eventually 
died, had elevations in the plasma levels of Leu, Ileu, 
Val, Gly, Pro, Meth, Tyr, Phe, Ala, Lac, and Trig. 


Fuel-load Effects 


The effects of exogenous fuel load as amino acids 
(AA Cal/BSA), glucose (GCal/BSA) and colloids (CCal/ 
BSA) on plasma substrate levels were examined by 
correlation analysis separately for the survived and 
expired groups. The results of this is presented in part 


TABLE 2. Summary of Physiologic -Metabolic Data 








Septic Septic 
Stress 

Variable Control Died Survived A-State B-State 
O.CI ml/BSA 119 + 26 140 + 40 150 + 40 145 + 40 113: = 30 
A-VO, Vol 29 = 9 3.9 + 1.4 4.0 2 1.1 4.52 1.5 2.9 5.5 
TPR Dyne/cm x 10^? 1460 + 580 1167 + 450 1189 + 400 1321 + 550 960 + 250 
CI L/min/M? LE NN. 354 12 4.02 4,5 3.9 4 1.5 4.5 : 3% 
ILEU IL. M/L 42 + 25 vi = 43 54 + 26 63 + 36 74 x 60 
LEU AL M/L 132 = 120 187 + 160 130 + 56 138 + 54 340 + 300 
VAL uM/L 208 + 80 210: 127 235 + 90 260 + 106 325 + 200 
GLY uM/L 226 + 90 266 + 118 290 + 155 300 + 200 425 + 400 
ALA AL. M/L 240 + 90 410 + 250 300 + 120 400 + 440 800 + 124 
LAC AL M/L 1450 + 800 3400 + 1800 2000 + 800 2500 + 1500 4000 + 2500 
GLUCOSE AL M/L Iz 13 = 6.5 12 £3 13 + 39 12 = 6 
METH uM/L 17 + 18 77 + 50 96 + 80 88 + 70 124 + 90 
PRO A M/L 165 + 80 425 + 350 240 + 130 300 + 240 640 + 550 
TYR uM/L 60 + 30 87 + 43 69 + 27 83 + 41 130 + 120 
TRIG uM/L 1290 + 900 2300 + 1200 1800 + 790 2100 + 1200 2750 + 1000 
BOHB AL M/L 301 + 300 305 + 300 225 + 200 270 + 250 290 + 300 
AcAc uM/L 47 + 80 49 + 49 43 + 28 48 + 43 39 * 20 


lP————————————— —ÉNMEE CC 
All values presented as mean and standard deviation. 
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TABLE 3. Fuel Load Correlations 
——————————————À "——" eu KE U O l 





Survived N = 50 Expired N = 37 
Amino Acid Glucose Amino Acid Glucose 
x= SD Load(r) Load(r) x * SD Load(r) Load(r) 
Sn ig ism eet ÁNH MARNE DARREN ERE 

Gly 296 + 160 .823 565 260 + 117 :244 .304 
Ala 301 + 124 391 341 412 + 260 — .087 —.013 
Leu 127 + 58 .241 .042 189 — 160 .180 .012 
lleu 54 + 27 .729 .305 69 + 4] .326 .262 
Val 234 + 88 .532 .144 269 + 127 .038 .143 
Meth 100 + 82 .761 .233 76 + 54 .198 .282 
Phe 124 + 47 .497 216 114 + 52 — .057 — .040 
Tyr 67 + 26 .120 — .011 86 + 42 —.116 .039 
Pro 248 + 138 .579 .356 425 + 350 .037 — .004 

uM/L AACal/BSA GluCal/BSA uM/L AACal/BSA GluCal/BSA 





in Table 3. The major effects were found to be those 
from AA Cal/BSA. Further, it is seen that there 
are correlations in septic survivors that are lost, or 
markedly reduced, in patients who die. 

These fuel-load affects are summarized in Table 4 
in which the substrates are divided into groups ac- 
cording to the degree to which they are affected by 
exogenous amino acids. In Group I, there is essentially 
no effect regardless of outcome. This group included 
Lac, Pyr, Ala, Tyr, Leu, FFA, Trig, BOHB, and AcAc. 
In Group II there was a modest effect (0.4 < r < 0.7) 
in survivors but none in those who died. These sub- 
strates were Phe, Pro and Val. Group III was com- 
posed of Gly, Meth, and Ileu. There was a large in- 
fluence (r > .7) of AA Cal/BSA in patients who sur- 
vived with a markedly reduced effect in nonsurvivors. 
This is graphically depicted in Figures 2A and 2B. 
In a single variable linear regression r?, the propor- 
tion of variation explained is simply the square of r, 
the correlation coefficient. Thus, in the Group III sub- 
strates (Table 4) Gly, Meth and Ileu, better than 50% 
of their observed variation in survivors, is explained 
by the amino acid load. This is explored further in the 
multiple regressions shown in Table 5. Here the effects 
of AACal/BSA on Group III substrates are adjusted 
for concomitant effects reflected in plasma Pyr and 
Ala. For each Group III variable the total r? is de- 
composed into shares for Pyr, Ala and AACal/BSA. 
The correlation analysis is confirmed; even with the 
Pyr and Ala effects removed, amino acid load has an 
effect on Gly, Meth and Ileu of about 0.4 of variation 
(r°) in survivors but this is reduced in patients who 


vivors. The Leu correlation decreases to 0.191; the Ileu 
remains about the same (0.413) and the Val correlation 
(r) rises to 0.702. 

The regression analyses show joint effects. The two 
strongest indicators of alanine are Pro and Tyr which 
jointly explain about 0.7 of the variation (r?) regardless 
of survival. The branch chain amino acids as a group 
explain only 0.25 in survivors but this rises to 0.44 in 
those who expired (r°). Thus for purposes of the analy- 
sis of covariance, Pro and Tyr were included in the 
regression, but listed last so that their effect would be 
adjusted for without allowing it to mask the informa- 
tion concerning the BCAA. 

The differential effect of sepsis in nonsurvivors on 
the ordinary septic utilization BCAA in survivors is 
modeled in the composite variables SepEx Val, SepEx 
Ileu and SepEx Leu. The SepEx Val, for example, is 
a term that reflects the difference in the slope of the Val 
to Ala relationship for nonsurvivors as compared to 
survivors (Figure 3A and B; Table 6). Considering the 
small number of cases this technique was most helpful 
in the case of valine which has the strongest relationship 
to begin with. The SepEx Val term (Table 6) adds 
an additional 0.04 to the 0.4 of total variation (r?) ex- 
plained by the basic Val term. This would give a p value 
of 0.002 assuming the regression assumptions were met. 

Table 7 presents a similar set of analyses of the re- 
lationship of BCAA to glycine (Table 7). The final result 
as shown in the analysis of covariance (Table 7) con- 


TABLE 4. Amino Acid Load Correlations with 
Plasma Substrate Levels 





die (r? < 0. 16). Group I: None in survived Lac Ala FFA 
or died Pyr Tyr Trig 
Differential Branch Chain Amino Acid Effects Leu rm 
cAc 
Table 6 presents material relating to differences in Grado dl PE ee Phe 
the effect of branch chain amino acids (BCAA) on none in died Pro 
plasma alanine levels. As shown by the simple correla- Val 
tion analyses at the top, while all three branch chains Group III: Large in survived; Gly 
have a correlation (r) with alanine of approximately little in died Ileu 


0.43 in survivors, this changes drastically in nonsur- 


Meth 
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firms the differential effect; especially in the case of 
Ileu where the difference term SepEx Ileu accounts for 
0.18 of variation (r°). The pattern of BCAA effects 
on glycine is different in patients who survived com- 
pared to those who expired. 


Endogenous Branch Chain Amino Acid Effects 


An additional attempt was made to investigate the 
possibility that the BCAA effects on alanine described 
above were due to the exogenous amino acid mixture. 
This possibility was unlikely to begin with, given the 
low correlation of Ala with AACal/BSA, but further 
clarification was sought. Consider Ileu to begin with. 
Figure 4 illustrates the demonstrated relationship be- 
tween plasma Ileu and AACal/BSA with each point 
labeled as survivor or nonsurvivor. A certain general 
pattern is evident here which was, in fact, also ob- 
served in a large number of other variable pairs plotted. 
The pattern depicted in Figure 4 is that all the survivors 
and some of the deaths are tightly grouped about a 
line while the remainder of the deaths fall off the line. 


In view of this, it seems reasonable to assume that 
the regression line estimated from the survivors repre- 
sents the normal, i.e. survival response to exogenous 
amino acid. On the other hand, the deviations from 
that line, particularly the large deviations seen in cer- 
tain of the deaths, must represent, in addition to ran- 
dom variation, a reflection of the pathophysiology lead- 
ing to death, e.g. the release of endogenous branch 
chain amino acids (BCAA) from muscle catabolism. 
This latter interpretation remains to be worked out. 
However, the former point that this cannot be explained 
by the exogenous amino acid load remains valid for 
the immediate purpose to eliminate the confounding 
effect of exogenous support and deal with that compo- 
nent due to endogenous BCAA release. 

To this end, a variable Endolleu, was created by 
taking for each intervention the deviation, positive or 
negative, from the regression line estimated from the 
survivors, so as to remove the effect of exogenous 
Isoleucine. This is illustrated in Figure 4. In a similar 
fashion, EndoVal is created from Valine. Leucine was 
left as is since its correlation with AACal/BSA is low. 


TABLE 5. Multiple Regression Analysis for Amino Acid Load 





(S) Gly = 4.9 + 0.12 Pyr + 0.47 Ala + 4.9 AACal/BSA N = 41 
r*0.816 = 0.147 + 0.258 + 0.411 p 0.0001 F = 55 
(D) Gly = 87 + 0.11 Pyr + 0.27 Ala + 3.4 AACal/BSA N = §2 
r?0.541 = 0.154 + 0.206 + 0.161 p 0.0003 F = 17 
(S) Ileu = 21.5 + (—0.047 Pyr) + 0.057 Ala + 0.77 AACal/BSA N = 41 
r*0.542 = 0.011 + 0.163 + 0.368 p 0.0001 F = 15 
(D) Ileu = 37.4 + (—0.062 Pyr) + 0.067 Ala + 1.2 AACal/BSA N = 52 
r*0.255 = 0.000 + 0.092 + 0.163 p 0.002 F = 5.5 
(S) Meth = —25.6 + 0.075 Pyr + 0.16 Ala + 2.4 AACal/BSA N = 41 
r°0.660 = 0.122 + 0.151 + 0.387 p 0.0001 F = 24 
(D) Meth = 7.3 + 0.11 Pyr + 0.073 Ala + 1.1 AACal/BSA NS 32 
0.371 = 0.204 + 0.073 + 0.093 p 0.0001 F = 9.4 





S = survived. D = died. 
The number under each independent variable indicates the relative 


proportion of the variation that each contributes to the total r°. 
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TABLE 6. Plasma Amino Acid Correlations with Plasma Alanine 
ee ee 


Correlation 
Survived Expired 
x: SD x + SD 
AL M/L r uM/L r 

ee Y—nÍ—U€MMQ—MY— HQ —Á— 
Leu 120 + 37 0.431 205 + 186 0.191 
Ileu 55 : 23 0.431 73 + 47 0.413 
Val 232 = 7] 0.426 271 + 130 0.702 


Regression analysis 


Survived: Ala = 162.5 + (—0.334 Leu) + 0.808 Ileu.+ 0.586 Val p 0.020 
r?0.252 = 0.016 + 0.171 + 0.066 F 3.7 
N 41 
Ala = 46.4 + 0.564 Pro + 1.72 Tyr p 0.0001 
r^0.703 = 0.594 + 0.109 F 40.2 
N 41 
Died: Ala = 37.6 + 0.135 Leu + (—0.362 Ileu) + 1.39 Val p 0.0001 
r*0.443 = 0.045 + 0.105 + 0.292 P 122 
N 52 
Ala = —14.1 + 0.188 Pro + 4.01 Tyr p 0.0001 
r*0.666 = 0.361 + 0.305 F 46.9 
N 52 


Covariance analysis 
Ala = —1.11 + 0.179 Val + 0.053 SepExVal + 0.234 
r?0.672 0.396 + 0.04 + 0.145 


Pro + 2.95 Tyr 
+ 0.091 


———————————————————————————————ÁÓÁ—Á—Á—Á————————————— 


SepEx = Septic Expired. 
The number under each independent variable indicates the relative 


The analyses of the effect of branch chain amino acids 
on alanine were then repeated using EndoVal and 
Endolleu instead of Val and Ileu. This yielded the 
same, or if anything, even better results. 


Prediction of Alanine 


Since alanine is in part synthesized from the trans- 
animation of NH, from the branch chain amino acids 
of muscle protein, and in part from pyruvate, a regres- 
sion of the branch chain amino acids as Endo BCAA 
and pyruvate would be expected to better predict Ala 


Ala = 141+0.7 Val 


N:37 r2=236 

p-002 F-fl 
Fics. 3A and B. The rela- e 
tionship between the ob- 
served plasma levels of 
valine and alanine in septic 
patients who survive (left) 
and die (right) are presented. 
The increased correlation 
between Val and Ala in sep- 
tic patients who die is evi- 
dent. This phenomenon is 
Occurring at a time of almost 
no net affect of AACal/BSA 
load on the observed plasma 
Val level in septic patients 
who die. 
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than the BCAA alone. Therefore, in a multiple regres- 
sion of alanine from its precursors in skeletal muscle, 
(namely pyruvate, EndoVal, Endolleu, and leucine) 
yielded an r° of 0.524 with p < 0.0001 (Fig. 5). 
Figure 5 is an attempt to give a two dimensional 
presentation of this five dimensional situation. The ob- 
served values of alanine are plotted on the y axis against 
the combination of Pyr, EndoVal, Endolleu and Leu 
on the x axis (the Ala predictors). This illustrates how 
consideration of Pyr, Endolleu and Leu in addition 
to the EndoVal acts to move points horizontally on the 
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TABLE 7. Plasma Amino Acid Correlations with Plasma Glycine 


Correlation 
Survived Expired 
x= SD xt 9D. 
uM/L r uM/L r 
Leu 120 37 0.369 205 + 186 0.188 
Ileu 55 + 23 0.620 73 + 47 0.224 
Val 232. 7} 0.373 271 + 130 0.543 


Regression analysis 


Survived: Gly = 159 + (—0.96 Leu) + 5.7 Ileu + (—0.25 Val) p 0.0001 
r*0.52 = 0.04 + 0.47 + 0.008 P 12 
N 41 

Gly = 160 + 1.6 Meth + (—0.3 Tyr) p 0.001 
r*0.65 = 0.650 + 0.002 F 27 
N 41 

Died: Gly = 111 + 0.1 Leu + (—0.2 Ileu) + 0.53 Val p 0.0003 
r*0.34 = 0.06 + 0.07 + 0.21 N 52 
F 27 

Gly = 23 + 1.2 Meth + 1.3 Tyr p 0.0001 
r°0.68 = 0.29 + 0.36 N 52 
F 27 


Covariance Analysis 


Gly = 127 + (-0.8 Leu) + 0.9 SepExLeu + 5.7 Ileu + (—5.9 SepExlleu) + (—0.14 Val) + 0.6 SepExVal 


r = 0.449 + 0.026 + 0.038 + 0.117 


SepEx = Septic Expired. 
The number under each independent variable indicates the relative 


graph in such a way as to give a tighter relationship 
than that given by Val alone (Figure 3A and B). Figure 
5 shows data labeled by eventual outcome as survive 
or die; Figures 5, 6 and 7 show this same graph 
again only plotted by physiologic state classified (R, A, 
B, or C) and the levels of proline and tyrosine respec- 
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Fic. 4. The plot depicts the relationship between the plasma level of 
Ileu and the exogenous amino acid load, with each point labelled 
as to whether it is from a septic patient who survives (©) or dies (6). 
The "normal" relationship is shown in the regression line. The 
points that ‘‘fall-off `° the line in patients who expire are represented 
as the endogenous (Endolleu) phenomenon. 


0.176 + 0.059 * 0.03 


proportion of the variation that each contributes to the total r”. 


tively. It is shown that the deaths, the B-states, the 
high prolines and the high tyrosines all strongly tend to 
cluster in the same region in all the plots. A similar 
grouping relationship is also found for the levels of 
methionine (not shown). This tends to confirm the over- 
all physiological significance of the relationships de- 
rived thus far, i.e. that the BCAA affects are not a 
result of the exogenous BCAA load. 


Discussion 


The metabolic and physiologic alterations of the sys- 
temic septic response have been analyzed in the plasma 
by a number of investigators.?'!^? Recent work indi- 
cates that the plasma levels reflect the intracellular 
amino acid concentrations.'" A characteristic plasma 
pattern has emerged, particularly in patients with se- 
vere sepsis who are going to die: hyperglycemia; pro- 
portionate elevations of Lac and Pyr; progressively 
increasing BOHB/AcAc ratio; elevated Trig; rising Pro, 
Meth, Phe, Tyr, Trp, Ala; initially reduced branch 
chain levels that then also rise as death approaches.?:!* 
[n those patients with severe sepsis, this metabolic pic- 
ture is associated with a high CO; an inappropriately 
low TPR; a narrowing A-VO, and a falling OCI (the 
B-state transition).'' These patterns were again ob- 
served in the present study. 

Studies of the gradient of amino acids across the 
lower extremity in septic patients have shown that ap- 
propriate parenteral metabolic support with glucose 
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Fic. 5. The observed plasma alanine is plotted against the predictors 
of alanine (Pyr + Endolleu + EndoVal + Leu). The tighter rela- 
tionship between alanine and alanine predictors over that of the non- 
Endo variable (Figs. 3A and B) is evident. The clustering of values 
from septics who die is evident. Also depicted for each point is the 
physiologic state. Of note is the clustering of B-state in the same area 
as septic patients who die. 


and amino acids can and does suppress the increased 
release of amino acids from the periphery.’ Because 
these and the plasma substrate profile studies have 
been performed during the administration of exogenous 
glucose and amino acids, and because exogenous amino 
acids have been shown to alter the plasma profiles 
in normal fasted subjects, a question of the effect 
of exogenous fuel loads on the observed plasma sub- 
strate levels have been raised. 

The present study indicates that there is little effect 
of glucose and colloid load on the plasma levels of 
amino acids, Lac, Pyr, FFA, Trig and ketone bodies, 
irregardless of the ultimate survival outcome of the 
patients. There do seem to be some effects of the amino 
acid load on the observed plasma substrate levels; with 
a different magnitude of influence depending on whether 
or not the patient is going to survive or die. There 
is little to no influence of the administered amino acid 
load in patients who die on the plasma levels of amino 
acids, Lac, Pyr, Ala, FFA, Trig, BOHB, and AcAc. 
In surviving septic patients, the administered acid load 
has a large influence on the plasma levels of Gly, Ileu 
and Meth; a small effect on Phe, Pro and Val; and little 
or no influence on Lac, Pyr, Ala, Tyr, Leu, FFA, Trig, 
and ketone bodies (Table 6). 

The metabolic problem in sepsis would appear to be 
mitochondrial in origin and one of a progressive deficit 
in energy availability for cellular processes with a fall 
in OCI from nonutilization.?''" The problem seems to 
be associated with a progressive, sequential inability 
of fuel use: glucose, fat, and finally amino acids. This 
defect in fuel utilization for energy is occurring at a time 
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Fic. 6. This figure is the same plot as Figure 5, except that each point 
is labelled by the plasma proline level. The high proline values cluster 
in the same area as B-state septics and septic patients who expire. 


of marked increases in gluconeogenesis and fat mobili- 
zation and turnover.!™!° The result seems to be a marked 
increase in amino acid efflux from muscle over and 
above that needed for hepatic protein synthesis.^7??6 
The energy production economy appears to become 
progressively protein-based until death is imminent, 
when there is then a failure of using protein derived 
amino acids as a fuel source. 

The data available indicate that the branch chain 
amino acids are being preferentially catabolized in the 
periphery.??!'?? The source of the branch chain amino 
acid appears to be muscle protein.??'^? When the 
muscle protein is hydrolyzed, all of its component 
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Fic. 7. The plot represented is the same as Figure 5, except that each 
point is labelled by the observed plasma tyrosine. The high tyrosine 
values cluster in the same region as the high proline levels, B-state 
septics and septic patients who expire. 
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Fic. 8. Summary diagram illustrating the increased catabolism of 
muscle protein in sepsis and the differential utilization of branch 
chain animo acids. This hypothesis best explains the observed plasma 


correlations between alanine and glycine and Pyr, BCAA, Pro, Tyr, 
Phe and Meth. 


amino acids are released. To the extent that muscle 
can use BCAA for energy, it converts them to their 
keto-derivatives and transaminates the NH, with Pyr 
to form Ala which is then transported to the liver.?? 
The amino acids muscle cannot catabolize (e.g. Pro, 
Phe, Tyr, Meth), are released into the plasma and trans- 
ported to the liver. These phenomena account for 
the observed correlations between plasma Ala, Lac, 
Pyr and Gly, and Pro, Phe, Tyr and Meth. The data 
from the present study are consistent with the increased 
use of branch chain amino acids. In septic patients 
who die, however, where there is little net influence 
of the exogenous load on the plasma levels of BCAA, 
there appears to be a differential use of the BCAA. 
The correlation analyses indicate an increased rela- 
tionship of the plasma Val to the plasma Ala level in 
the septic patients who die, with a reduced influence 
of Ileu and no change in that of Leu relative to septic 
patients who survive. The fact that the BCAA with the 
highest Ala correlations, Val and Ileu, are also the 
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Fic. 9. The identified pathways of nonpreferential entrance into the 
Krebs Cycle in B-state and/or septic patients who die are illustrated. 
All of these pathways involve NAD in at least one step of the cat- 
abolic process. 
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ones with the greatest endogenous levels, EndoVal and 
Endolleu, suggests that the endo levels represent that 
quantity of BCAA which can not be metabolized by 
muscle and thus spills over into the plasma. The data 
strongly imply an increased mobilization of BCAA with 
preferential utilization of branch chain amino acids in 
the decreasing order of Leu, Ileu and lastly, Val (Fig. 8). 
This idea is compatible with recent in vitro data that 
indicates a significantly increased Leu oxidation in 
septic muscle.?' 

The endogenous Ileu and Val concept developed in 
the present study is also consistent with the concept 
of differential BCAA utilization. When the plasma Ala 
is predicted from the endo levels, B" state septics and 
septic patients who die cluster in the same region, as 
do those with the highest levels of Pro and Tyr, and Meth. 

The precise origin of the fuel utilization failure in 
sepsis is currently unknown. At least five other path- 
ways where a nonpreference for oxidative catabolism 
could exist have been identified (Fig. 9). The pathways 
are all involved with substrate entry into the Krebs 
Cycle and all involve NAD-dependent enzyme systems. 
This phenomenon correlates well with the observed 
increase in BOHB/AcAc ratio in sepsis, particularly 
if this increased ratio is interpreted to mean a fall in 
mitochondrial redox potential. It is hypothesized that 
the mitochondrial problem ultimately involves the hy- 
drogen shuttle systems. The primary cause of this phe- 
nomenon is unknown. '^ 

The pathways of entrance of the branch chain amino 
acids into the Krebs Cycle are depicted in Figure 10. Val 
enters through succinylCo-A only, a site where Meth 
entrance is also thought to be inhibited. Leu and Ileu 
can both enter through AcetylCo-A. This entrance site 
seems to remain preferential for Leu and Ileu until 
death is imminent. It is of note that Leu entrance is 
not NAD-dependent. With death imminent, the plasma 
levels of Leu and Ileu also rise, implying that this 





Meth Val 


FiG. 10. The pathways of branch chain amino acid entrance into 
the Krebs Cycle are depicted. Leu enters through AcCo-A; Ileu 
through both AcCo-A and succinylCo-A; and valine through Suc- 
cinylCo-A. The Leu catabolic pathway is FAD dependent. 
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entrance site through AcetylCo-A then also becomes 
unavailable. 

The data presented strongly suggest that the patho- 
logic processes of dying and B-state transition are re- 
lated to increased formation of Alanine from BCAA 
and Pyr. The data are best explained by a major catabolic 
breakdown of muscle protein with BCAA being used 
by muscle and with the other amino acids not catabo- 
lized by muscle (Pro, Phe, Tyr, Meth) being released 
into the plasma without subsequent normalization of 
the plasma levels by the liver. Furthermore, the data 
strongly suggest that this major catabolic breakdown 
of muscle protein is not prevented or controlled by 
exogenous amino acids in septic patients who are dying 
and/or undergoing a ''B'' state transition.!! 

Autocannibalism, or the autogenous utilization of 
one's own muscle for metabolism, is a significant com- 
ponent of the septic process. In septic patients who 
survive, it is influenced and possibly minimized or con- 
trolled by appropriate exogenous metabolic support, 


assuming the septic focus has been appropriately dealt | 


with and other therapeutic modalities (e.g. cardiopul- 
monary support and antibiotics) have been used to 
stabilize the host's adaptive responses. In septic pa- 
tients who expire, however, the autocannibalism pro- 
cedes unabated by exogenous metabolic support until 
death ensues. It is apparent that currently available 
fuels are inadequate to appropriately support this type 
of altered metabolism. In the absence of the identifica- 
tion of the prime mover, new therapeutic support 
regimens must employ more appropriate fuels that can 
be used in septic metabolic failure. One promising 
fuel is branch chain amino acids; other fuels might 
include acetoacetate or short and medium chain fatty 
acids,» 
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DISCUSSION 


DR. LLOYD D. MACLEAN (Montreal, Quebec): I do not think any- 
one could accuse Dr. Cerra and his colleagues of oversimplifying 
the problem but maybe I can for their comments. 

Hemodynamic monitoring has been extremely useful in low-flow 
states, and this includes, of course, the problem we most commonly 
deal with, that is, hypovolemia and cardiogenic shock. Unfortu- 
nately, this approach for sepsis shock has been quite disappointing, 
and it is difficult to show that meticulous hemodynamic manage- 
ment of septic patients makes much difference. 

One can take several directions to get around this. The one we 
have chosen, or spend most of our time on, is the identification of 
patients who have decreased host resistance, who might be candi- 
dates for septic complications. We try to do another operation, get 
the patient in better shape with total parenteral nutrition or use 
some mechanism to make them less likely to become septic, that is, 
avoid the problem in the first place. 

An equally attractive approach is the one we have heard here 
today, and this is to support specific defects after identifying the 
metabolic problem. 

When we learned that these patients have a decreased oxygen 
utilization, it was attractive to elevate the Po,, and, of course, one 
can do that and not increase the oxygen utilization. High-energy 
phosphates might be used; this has been done in animals but has 
not been confirmed in humans. We could provide appropriate sub- 
strates to preserve protein; I believe that is what these authors are 
suggesting. , 

The presen: study presents two problems: the effect of exogenous 
protein on plasma levels of amino acids and the differential protein 
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utilization. The authors are asking: Is a defect in fuel utilization 
in the periphery, or is the liver faulty? The authors showed that 
the level of alanine, which originates in muscle from branched-chain 
amino acid and lactate, increases in fatal sepsis, and this is not the 
result of branched-chain amino acid load. Another finding is that 
the marked increase in amino acid efflux from muscle is more than 
that needed for hepatic protein synthesis. So the work does strongly 
point to the periphery. I think the authors are correct, but I do have 
some questions. 

Does the amino acid concentration they are measuring in the 
plasma reflect flux from muscle? Does not one have to know more 
about flow and uptake in this setting to really be able to say that 
the plasma concentration reflects what is coming out of muscle, 
and not being taken up by liver, for instance? 

Can you alter the amino acid concentration with more glucose? 
I noticed in the paper the amounts of glucose given appeared less, 
that is, 15—30 kilocalories per kilogram per 24 hours than most of us 
are using, 30—50 kilocalories per kilogram per 24 hours in this setting. 

Can you reverse or in any way ameliorate the cannibalism by giving 
branched-chain amino acids before the patient reaches what you refer 
to as the B state, low oxygen uptake the late type of septic shock? 
If this is the preferred fuel of sepsis, which I believe vou point out, 
how should we be using it clinically at this time? 


DR. GEORGE H. A. CLOWES, JR. (Boston, Massachusetts): When 
you have had a chance to study this paper, you will understand 
it as an extensive and careful study, demonstrating failure of the 
mitochondria/oxidative metabolism in patients who are destined 
to die. 

I want to supplement from our own studies one or two parts of 
the metabolic pattern which the authors present. 

(slide) Dr. Lloyd MacLean asked the question: Is this a failure 
of metabolism in the periphery, or is it in the central tissues? Dr. 
Cerra is depending on blood levels to determine failure of various 
pathways involved in amino acid metabolism. What is required to 
be certain is the knowledge of the flux of amino acid from the periph- 
eral tissues, or from infusions to the liver and other central tissues. 
There they must be removed from the plasma. 

We need to differentiate the metabolic pattern in the periphery 
from that in the central tissues. 

(slide) This slide compares the rates of protein breakdown, protein 
synthesis and oxidation of glucose and leucine in normal fasting 
human muscle when incubated with the metabolism of incubated 
muscles from septic patients. The huge protein breakdown rate in 
the septic muscle is not present in the normal muscle despite a 
slightly greater rate of protein synthesis. When we compare the 
glucose oxidation in the normal muscle, it is almost the same as in 
the septic muscle, but it turns out that the septic muscle is oxidizing 
much more leucine. This is an important difference. 

(slide) Now, what about the central tissues? If we look at the 
CO, production from leucine in normal and septic states, there is 
really no difference. (slide) However, if we look at the use of the 
amino acids in the central tissues, we find that the protein synthesis 
from leucine supplied from the periphery is ever so much larger 
in the septic state than the normal. 

(slide) Turning to clinical studies, here are the blood levels of 
patients with liver failure who died compared with the levels of 
those who lived. My results show several things in common with 
Dr. Cerra's findings. The alanine and methionine levels were higher 
in patients who subsequently died. The production rates show that 
there is not a great difference. Actually patients who died had lesser 
releases from the periphery. However, the difference in the clearance 
rates shows that there are dramatically different values between 
patients who lived and patients who died. The clearance of the amino 
acids produced in the periphery demonstrated as being most sig- 
nificant in this fasted group of patients was that of the aromatics 
Dr. Cerra mentioned as well as methionine and cystine in the sulfur- 
containing group of amino acids. There are several, including proline 
and ornithene, that are not cleared as fast in patients who are going 
to die. Knowing the flux and clearance rates it is then possible 
to confirm many of Dr. Cerra's conclusions. 

For this reason, I believe these studies are valuable and begin 
to give us an idea of why people die of sepsis. Obviously the 
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best treatment is to eliminate the septic stimulus or toxic agents 
that interfere with the metabolic pathways by draining an abscess 
or removing gangrenous tissue. Failing that, energy metabolism and 
protein synthesis must be supported by maintenance of the circula- 
tion and other vital functions as well as by supplying the metabolic 
substrates that can still be used. 


DR. STANLEY M. LEVENSON (Bronx, New York): It's too bad 
that Dr. Wilmore's paper early this morning and Dr. Cerra's paper 
late this afternoon were separated in time, since they are so closely 
related. It would have been useful to have them juxtaposed so we could 
have discussed them together. Despite all the seemingly complicated 
regression equations that Dr. Cerra showed his last two diagrams 
put it all in perspective for us, and made a lot of sense. Usually, 
when data fit well-established biochemical principles or mechanisms 
one gets a certain sense of reassurance. 

There are some points that I would like to emphasize: the studies 
by Cerra, Border, McMenamy and their colleagues were done in 
desperately ill patients who were receiving on the average what 
looks to me as limited nutrient intake. That doesn't mean that there 
were not some patients who might have received more liberal (? 
adequate) intakes but when one looks at the mean caloric intake, 
it was relatively low, and, similarly, the mean protein intake was 
relatively low. So some of the patients, then, were studied on what 
many of us would consider inadequate nutrient intakes. Similarly, 
Cerra and his associates point out that their patients received no 
fat. The possibility exists, then, that there was some fatty acid de- 
ficiency, which further complicates the situation. They point out 
also that the patients received no insulin, and this, too, has to be 
considered in evaluating their observations. Nevertheless, I think 
that their clear demonstration of the changes in the most critically 
ill patients in the rate and degree of transformation — using the word 
loosely —among the various branched chain amino acids valine, 
leucine, isoleucine, to alanine is very important and casts additional 
light on our understanding of the metabolic changes in skeletal mus- 
cle and liver which occur after serious injury and sepsis, matters 
of which our understanding is still incomplete despite the number 
of studies carried out for many many years. 


DR. FRANK B. CERRA (Closing discussion): We cannot imply any 
kind of flux from the plasma levels we measured. 

The question about altering the amino acid concentrations with 
more glucose is an interesting one and relates to Dr. Levenson's 
comments on the amino acid and caloric loads. Those means are 
misleading because they include the 40 interventions in which no 
glucose or amino acids were given. 

The patients who received amino acids alone and survived had 
a mean load of approximately 60 g per body surface area; that is 
confusing. By normalizing to body surface area, instead of kilogram, 
we did not use the usual nomenclature; it was done so we could 
relate everything back to oxygen consumption. 

Worked out mathematically, the upper limit is about 2.5 g/kg/day. 
The same concept relates to calorie load. 

If you select out the appropriate groups and do the subset analysis, 
it would be difficult to say you could change anything in the amino 
acid profile by giving increased loads of glucose. That is a fixed 
relationship. Remember that the septic process has progressed quite 
far in these patients. 

The mean insulin level in this group of patients is approximately 
85 microunits. They have a sufficient amount of insulin. The subject 
of hormonal balance is interesting, but a discussion of that topic 
would not be appropriate at this point because of time commitments. 

Dr. McLean, obviously there is a second purpose in this study, 
and that is to set the stage for the next series of fuel evaluations. 
The first of which is the branched-chain protocol, which in effect 
has been started with a 50% branched-chain solution. It is too early 
to discuss those results. 

There are some results in the literature, from Dr. Fischer and 
Dr. Freund, but not enough data at this point to make meaningful 
comments. 

We are also looking at other forms of fuel, such as acetoacetate, 
at the same time getting at the flux question by doing arteriovenous 
differences across selected organs and using heavy isotope analysis. 


Bowel Perforation in Steroid-Treated Patients 


Gastrointestinal perforation in patients receiving gluco- 
corticosteroid (GCS) therapy has been reported to have 
mortality rates as high as 100%. From 79 patients seen during a 
nine-year period, three groups were formed according to GCS 
dosage: group 1 (steroid perioperative coverage), group 2 (low- 
dose steroids, prednisone — 20 mg daily), and group 3 (high- 
dose steroids, prednisone — 20 mg daily). Of 11 clinical 
presentation factors, only abdominal tenderness was con- 
sistently present in group 3. The mean delay from onset of 
symptoms to treatment for group 3 was 8.3 days and was in 
marked contrast to that for group 1 or 2, 1.7 and 2.2 days, 
respectively (p < 0.005). Mortality increased from 11.8% in 
group 1 to 13.3% in group 2 to 85% in group 3. High-dose GCS 
therapy decreased the clinical expression of peritonitis to the 
point that recognition and, therefore, treatment of gastrointes- 
tinal perforation were markedly delayed. In à patient receiving 
high-dose GCS, a high degree of clinical suspicion must 
accompany any new abdominal discomfort, and aggressive 
diagnostic efforts should be made to establish the cause. If 
abdominal pain persists, surgical exploration should be 
considered. 


INCE 1949, WHEN COMPOUND F was given to pa- 
tients with rheumatoid arthritis, a number of 
glucocorticosteroids have been shown to be thera- 
peutically effective against various medical conditions, 
including asthma, shock, disorders of connective tissues, 
inflammatory bowel disease, chemotherapy, and trans- 
plantation. 

Unfortunately, numerous complications associated 
with glucocorticosteroids have become apparent. As 
early as 1950, Beck and co-workers? warned of an 
increased risk of colonic perforation in patients receiving 
steroids, and subsequently, other investigators??? 
15.16.17 reported an anecdotal relationship between the 
use of glucocorticosteroids and colonic perforation. 
Furthermore, the risk of steroid-induced gastric 
and small bowel perforations was reported soon 
thereafter.» 1». 1e15 

The association between glucocorticosteroid use and 
gastrointestinal ulceration and perforation now is well 
established. Of additional concern is the recognition 
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that mortality rates associated with intestinal perfora- 
tion in patients receiving steroids range from 27 
to 10092.3.:16.19 

We analyzed retrospectively 79 cases in which 
glucocorticosteroid use was coincidental with gastro- 
intestinal perforation in an effort to determine the 
factors responsible for morbidity and mortality. 


Materials and Methods 


During the nine-year period from 1970 to 1978, 780 
patients with gastrointestinal perforations (excluding 
those due to appendicitis) were treated at the Mayo 
Clinic. Of these, 369 patients had free intraperitoneal 
perforation and gross peritonitis documented either at 
surgical exploration or at autopsy. Only those patients 
in whom glucocorticosteroids were in use at or near 
the time of perforation were selected for this study. 
Seventy-nine patients met these criteria, and they were 
divided into three groups according to dosage of 
steroids. Because prednisone was the most common 
glucocorticosteroid used in this series, all other 
glucocorticosteroids have been expressed as predni- 
sone equivalents with regard to their anti-inflammatory 
effects. The duration of glucocorticosteroid therapy 
was recorded for all three groups. 

In group 1, there were 17 patients who were given 
preoperative steroid preparation (cortisone acetate, 
200 mg, and prednisolone, 40 mg before surgery) as a 
precaution because of prolonged use of glucocorti- 
costeroids within the previous two years. However, 
none was receiving glucocorticosteroid at the time of 
intestinal perforation. In group 2, there were 15 pa- 
tients who were receiving glucocorticosteroids in an 
amount less than an equivalent of 20 mg of prednisone 
per day at the time of perforation of the bowel: the 
mean time on steroid therapy was 17.7 months. In 
group 3, there were 47 patients who were receiving 
glucocorticosteroids in doses greater or equal to an 
equivalent of 20 mg of prednisone per day at the 
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TABLE 1. Clinical Presentation of 79 Patients with Bowel Preforation 
j————————————— ———————— a an a 


Group | (17 pt) 


Group 2 (15 pt) Group 3 (47 pt) 


No. Per Cent No. 





Sign/symptom No. Per Cent Per Cent 
Abdominal pain 17 100 15 100 46 98 
Fever * 17 100 11 24 23 50 
Guarding 11 65 8 53 13 29 
Rigidity 6 35 6 40 6(42)7 14 
Increased leukocyte count 16 94 10 67 12(45)* 27 
Decreased bowel sounds 10 59 7 47 12 26 
Decreased bowel function 5 | 29 5 33 5(42)* 12 
Abdominal distension 6 35 6 40 18 38 
Nausea and vomiting 5 ° 29 2 13 3(45)* 7 
Abdominal mass 3 18 2 13 2(42)* 5 
Free intra-abdominal air 

on x-ray 4(8)* 50 6 40 22 47 





* Temperature higher than 38.3 C. 
* Number within parentheses represents patients with available 


time of perforation of the bowel; the mean time on 
steroid therapy was 4.6 months. 

The clinical presentation of each patient was evaluated 
as to the presence or absence of 11 c]inical factors 
(Table 1) most often involved in patient management 
decision. These were noted at the time of diagnosis 
or just before death, if no diagnosis was made. 

Case management was evaluated by estimating three 
time periods: from onset of symptoms to diagnosis, 
from diagnosis to appropriate therapy, and from onset 
to therapy. With the limitations of charting formats, 
times were approximated to within eight-hour limits. 
Overall mortality and surgical mortality were recorded 
for each group. Surgical procedures performed and 
postoperative convalescence were reviewed. 


Results 


The 17 patients in group 1 had a mean age of 44.3 
+ 3.8 (SEM) years and a male-female ratio of 1.1:1. 
The 15 patients in group 2 had a mean age of 47.4 + 5.5 


data. 
i More than 9,500/mm*?. 


(SEM) years and a male-female ratio of 1.3:1. The 47 
patients in group 3 had a slightly higher mean age of 
54 + 5.4 (SEM) years, but a similar male-female 
rato of 1:1. 

In most categories other than abdominal pain, the 
presenting signs and symptoms were considerably less 
prevalent in group 3 compared with those in either 
group 1 or 2 (Table 1). The clinical presentation in 
group 3 was often vague, making the diagnosis dif- 
ficult or incorrect. 

The indications for the administration of steroids 
varied among the three groups (Table 2). In groups 1 
and 2, inflammatory bowel disease was the principal 
primary disease for which glucocorticosteroids were 
given, and small bowel sites predominated. Although 
free perforations are not seen frequently in Crohn's 
disease, group 1 included three patients who had free 
perforations without significant inflammatory reaction 
and four who had a localized abscess perforated, 
causing a more generalized peritonitis. All other pa- 


TABLE 2. /ndicatiqn of Glucocorticosteroid Therapy in 79 Patients with Bowel Perforation 





Group 1 (17 pt) 


Group 2 (15 pt) Group 3 (47 pt) 


No. Per Cent No. 





Indication No. Per Cent Per Cent 

Inflammatory bowel disease 10 59 5 33 7 15 

Crohn's (7)* (3) (3)* 

chronic ulcerative colitis (3) 4 ia (4) 
Pulmonary disease 2t 12 4 27 l 2 
Connective tissue disease 0 0 4* 27 12* 26 
Myeloproliferative disease l 6 l 7 11£ 23 
Metastatic cancer l 6 0 0 t 13 
Shock 2 12 0 0 2 4 
Craniotomy l 6 l 7 0 0 
Hepatitis 0 0 0 0 2 4 
Renal transplant 0 0 0 0 2 4 
Others 0 0 0 0 4i 8 





* One death in groups | and 2. 
* One survivor. 


t Two survivors. 
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„may be only 
half the problem. 


Apprehension and reaction to 
pain make up the other very 
important half. And Synalgos-DC 
is the analgesic that treats both 
halves of the pain problem: 
Promethazine helps relieve ap- 
prehension and reaction to pain, 
while the analgesic components 
help relieve moderate to mod- 
erately severe pain: 

Synalgos-DC contains dihydro- 


*INDICATIONS: Based on a review of this 
drug by the National Academy of Sci- 
ences—National. Research Council and/or 
other information, FDA has classified the 
indications as follows: "Possibly" effective 
for the relief of moderate to moderately 
severe pain in those. situations where the 
physician wishes to add a mild sedative 
effect. Final classification of the less- 
than-effective indications requires further 
investigation 


CONTRAINDICATIONS: Hypersensitivity to dihy- 
drocodeine, promethazine, aspirin, phenacetin. 
WARNINGS: Salicylates should be used with 
extreme caution in the presence of peptic 
ulcer or coagulation abnormalities. 

Drug Dependence: Dihydrocodeine can pro- 
duce drug dependence of the codeine type 
and therefore has the potential of being 
abused. Psychic dependence, physical depen- 
dence and tolerance may develop upon 
repeated administration of dihydrocodeine, 


codeine, a semisynthetic 
narcotic analgesic related to 
codeine, with multiple actions 
qualitatively similar to codeine. 
© status permits telephone 
prescriptions and authorized 
refills up to 5 times in 6 months 
(unless restricted by state law). 


Dual-action Synalgos-DC 
takes pain off the mind and 
the mind off pain. 


the problem... 


s-DC 


Drocode (dihydrocodeine) bitartrate, 16.0 mg (Warning: May 
be habit-forming); promethazine hydrochloride, 6.25 mg: 
aspirin, 194.4 mg; phenacetin, 162.0 mg; caffeine, 30.0 mg. 


and it should be prescribed and administered 
with the same degree of caution appropriate 
to the use of other oral narcotic-containing 
medications. Like other narcotic-containing 
medications, dihydrocodeine is subject to the 
provisions of the Federal Controlled Sub. 
stances Act. Usage in Ambulatory Patients: 
Dihydrocodeine and promethazine may impair 
the mental and/or physical abilities required 
for the performance of potentially hazardous 
tasks such as driving a car or operating 
machinery. The patient using Synalgos-DC 
should be cautioned accordingly. Interactions 
with other Central Nervous System Depres- 
sants: Patients receiving other narcotic anal- 
gesics, general anesthetics, other phe- 
nothiazines, tranquilizers, sedative-hypnotics 
or other CNS depressants (including alco- 
hol) concomitantly with Synalgos-DC may 
exhibit an additive CNS depression. When 
such combined therapy is contemplated, the 
dose of one or both agents should be reduced. 
Patients who have demonstrated a hypersen- 


sitivity reaction (e.g. blood dyscrasia, jaun- 
dice) with a phenothiazine should not be 
reexposed to any phenothiazine, including 
Synalgos-DC, unless in the judgment of the 
physician the potential benefits of the treat- 
ment outweigh the possible hazards. Usage in 
Pregnancy: Reproduction studies have not 
been performed in animals. There is no ade- 
quate information on whether this drug may 
affect fertility in human males and females or 
has a teratogenic potential or other adverse 
effect on the fetus. Usage in Children: Since 
there is no experience in children who have 
received this drug, safety and efficacy in chil- 
dren have not been established. 

PRECAUTIONS: Phenacetin has been reported 
to damage kidneys when taken in large 
amounts for a long time. Promethazine should 
be administered cautiously to patients with 
cardiovascular or liver disease. Synalgos-DC 
should be given with caution to certain patients 
such as the elderly or debilitated, and those 
with hypothyroidism, Addison's disease and 


prostatic hypertrophy and urethral stricture. 
ADVERSE REACTIONS: The most frequently 
observed reactions include lightheadedness, 
dizziness, drowsiness, sedation, nausea, vomit- 
ing, constipation, pruritus, skin reactions, and 
rarely, hypotension. 

DOSAGE AND ADMINISTRATION: Dosage 
should be adjusted according to the severity of 
the pain and the response of the patient. Syn- 
algos-DC is given orally. The usual adult dose 
is 2 capsules every 4 hours as needed for pain. 
DRUG INTERACTIONS: The CNS depressant 
effects of Synalgos-DC may be additive with 
that of other CNS depressants. See Warnings. 
Aspirin may enhance the effects of anticoagu- 
lants and inhibit the uricosuric effects of uri- 
cosuric agents. 

Consult direction circular before prescribing. 
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New York, NY 10017 
Dedicated to improving the 
quality of life, through Medicine” 
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Different clinically...different 
physically...different chemically 


The first time you try AVITENE* (microfibrillar 
collagen hemostat) you will notice the difference. 
When you put it in contact with a bleeding surface, 
AVITENE adheres tenaciously. It attracts platelets, 
which adhere to its fibrils and undergo the release 
phenomenon which in turn triggers aggregation of 
platelets into thrombi in the interstices of the fibrous 
mass, initiating the formation of a physiologic clot. 


AVITENE interacts directly with the normal hemo- 
static mechanism (even in heparinized patients). This 
physiologic action is unique to AVITENE among all 
topical hemostats. 








For general and troublesome 
bleeding whenever a topical 
hemostat is needed 


The versatility of AVITENE makes it the topical 
hemostat of choice for practically any surgical proce- 


dure where there is general or troublesome bleeding. 


Apply AVITENE where there is diffuse or localized 
oozing, in areas inaccessible for suturing, and in pro- 
cedures (such as those involving friable organs or 
vessels) that could be compromised by cautery or the 
use of additional sutures. 


Properly handled, AVITENE is easily applied to the 
bleeding site by dry forceps, by specially prepared 
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VASCULAR 
LAB PLANS ? 


Consider the cost-effective 


VASCULAB, 


e Three areas of diagnosis: Cerebrovascular, Peripheral Arterial, Venous @ Three modalities: Bi- 
Directional Doppler, Strain Gauge Plethysmograph, Photoplethysmograph 


ACCURATE 


CEREBROVASCULAR: Doppler and photoplethysmographic assessment of frontal artery 
and/or direct Doppler assessment of carotid arteries detects > 50% stenosis of internal 
carotid artery with up to 95% to 100% accuracy.* 


PERIPHERAL VASCULAR: Doppler, photoplethysmographic and strain gauge 
plethysmographic diagnosis of peripheral arterial disease is extremely accurate." 





VENOUS: Doppler, photoplethysmographic and strain gauge plethysmographic detec- 
tion of venous disease is 85-9596 accurate.* 


NON-INVASIVE 


All procedures are non-invasive and comfortable for the patient. 


EFFICIENT 
e Maximum diagnostic capability at minimum cost. Less than $7,500 for the 
following components: (1) VERSATONE® Bi-Directional Doppler, Model 
D9 (2) VERSATONE Two-Channel Chart Recorder, Model 
R12A (3) Strain Gauge Plethysmograph, Model SPG-16 
(4) PHoToPuLse 9 Photoplethysmograph, Models PA13 and 
PH77 e Procedures are accomplished simply and quickly by 
technicians e Compact, modular units may be taken to 
the patient easily when necessary. 


REFERENCES 


For references, reprints, detailed data sheets and other 
information or to set up an appointment for a demonstration, 
call our customer service department using our toll free 
number. 


CALL FREE: 800 227-8076 


IN CALIFORNIA CALL COLLECT (415) 965-3333 
OR JUST WRITE "VASCULAB" ON YOUR 
LETTERHEAD, SIGN YOUR NAME AND MAILTO... 
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Its all recorded in black and white 


DATA IN 4950 INSOMNIA PATIENTS SUPPORT ELE 


Clinical studies prove 
efficacy of 


Dalmane 
(flurazepam HCI/Roche) 


Dalmane efficacy was demonstrated in 18 clinical 
studies. These included paired-night, double-blind 
crossover, double-blind comparison and patient 
preference studies. ! 
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Efficacy proved 
in postsurgical patients 
with insomnia?? 


In two separate clinical studies of hospitalized 
patients, most of whom were convalescing from sur- 
gery, Dalmane (flurazepam HCI/Roche) reduced sleep 
induction time, reduced the number of nighttime 
awakenings and extended total sleep time. Fifty-four 
patients were given Dalmane; 55, placebo, according 
to a double-blind, randomized protocol. 


Efficacy from the first 
night of use^? 


Dalmane (flurazepam HCI/Roche) proved 
effective during medication nights 1-3 
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Results shown represent reduction, in minutes, of total time spent awake 
Adapted from Kales A, et al: Clin Pharmacol Ther 19:576-583, May 1976 


In these sleep research laboratory studies, patients 
taking Dalmane fell asleep faster, had fewer nighttime 
awakenings and slept longer. 


3O-OBJECTIVE FINDINGS' 


PLUS THESE IMPORTANT 
SAFETY FEATURES: 


Does not significantly 
influence the results 

of many commonly 
ordered laboratory tests" 


Both /n vitro and in vivo studies have shown that 
Dalmane generally does not interfere with many 
common laboratory tests. Included among these are 
triglycerides, uric acid, glucose, SGOT, alkaline phos- 
phatase and total protein. Rare occurrences of SGOT, 
SGPT and alkaline phosphatase elevations have been 
noted due to pharmacological effects. (See Adverse 
Reactions section of complete product information.) 


Proven not to alter the effect 
of chronic warfarin therapy ®° 


Studies have demonstrated that patients concurrently 
on Dalmane (flurazepam HCI/Roche) and chronic war- 
farin therapy show no unacceptable fluctuation in 
prothrombin time. 


Patients receiving Dalmane should be cautioned about 
possible combined effects with alcohol and other 

CNS depressants. Patients should also be cautioned 
against hazardous occupations requiring complete 
mental alertness, such as operating machinery or 
driving a motor vehicle shortly after ingesting the drug. 


Well tolerated 


in most patients" 


A study of 2542 hospitalized patients with insomnia, 
42.7% of whom were 60 years of age or over, showed 
unwanted effects attributable to Dalmane in only 3.196 
of the total patient population. These unwanted effects 
were more frequent with increased dosage and age. 
None, however, were considered serious by attending 
physicians. 
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DALMANE € 


flurazepam HCI/Roche 

15-mg and 30-mg capsules 
UNMATCHED PROOF, 
UNMATCHED EFFICACY 


Please see following page 
for a summary of product information. 
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Protocol for insomnia 
management 


LJ Treat physical and/or psychological factors that 
may underlie an inability to sleep. 


L] Thoroughly question and evaluate new patients 
who specifically request sleep medications. 


LJ Consider other medications the patient may be 
taking (including alcoholic beverages) and be aware of 
possible drug interactions. 


L] Select a sleep medication with objectively docu- 
mented proof of efficacy and a wide margin of safety. 


L] Initiate treatment at the lowest effective dose for 
the period of time deemed necessary to achieve a 
reasonable therapeutic goal. 


O Monitor response to therapy and, based upon 
patient reassessment, determine need for continuing 
medication on an individual basis. 


LJ Advise patients who ingest alcoholic beverages or 
other CNS depressants against doing so while on sleep 
medication. CNS stimulants such as caffeine should 
also be discontinued. 


O Caution patients against engaging in hazardous 
Occupations requiring complete mental alertness such 
as operating machinery or driving a motor vehicle 
shortly after ingesting the drug. In addition, as with 

all CNS depressants, patients may have reduced motor 
performance while on hypnotic therapy and should 

be advised accordingly. 


LJ Avoid prescribing for suicidal or dependency-prone 
individuals whose histories indicate an inability to 
handle any psychoactive substances including 
alcohol. 


Now available from Roche — important guidance which you 
may give to your patients with insomnia. 
Just complete and mail the form below. 
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Roche Products Inc. 
One Broad Avenue 
Fairview, New Jersey 07022 


| would like to receive information concerning 
guidance about insomnia for my patients. 


Name 
Address 
City. 
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DALMANE« 


flurazepam HCI/Roche 


One 15-mg capsule h.s.— recommended initial dosage 
for elderly or debilitated patients. 

One 30-mg capsule h.s.— usual adult dosage 

(15 mg may suffice in some patients). 


Before prescribing, please consult complete product informa- 
tion, a summary of which follows: 
Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; in acute or chronic medical situations re- 
quiring restful sleep. Objective sleep laboratory data have shown 
effectiveness for at least 28 consecutive nights of administration. 
Since insomnia is often transient and intermittent, prolonged 
administration is generally not necessary or recommended. 
Contraindications: Known hypersensitivity to flurazepam HCI. 
Warnings: Caution patients about possible combined effects with 
alcohol and other CNS depressants. Caution against hazardous 
occupations requiring complete mental alertness (e.g., operating 
machinery, driving). 

Usage in Pregnancy: Several studies of minor tranquilizers 

(chlordiazepoxide, diazepam, and meprobamate) suggest 

increased risk of congenital malformations during the first 

trimester of pregnancy. Dalmane, a benzodiazepine, has 

not been studied adequately to determine whether it may 

be associated with such an increased risk. Because use 

of these drugs is rarely a matter of urgency, their use 

during this period should almost always be avoided. Con- 

sider possibility of pregnancy when instituting therapy; 

advise patients to discuss therapy if they intend to or 

do become pregnant. 
Not recommended for use in persons under 15 years of age. 
Though physical and psychological dependence have not been 
reported on recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase dosage. 
Precautions: In elderly and debilitated patients, it is recom- 
mended that the dosage be limited to 15 mg to reduce risk of 
oversedation, dizziness, confusion and/or ataxia. Consider poten- 
tial additive effects with other hypnotics or CNS depressants. 
Employ usual precautions in patients who are severely depressed, 
or with latent depression or suicidal tendencies, or with impaired 
renal or hepatic function. Periodic blood counts and liver and 
kidney function tests are advised during repeated therapy. 
Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
staggering, ataxia and falling have occurred, particularly in elderly 
or debilitated patients. Severe sedation, lethargy, disorientation 
and coma, probably indicative of drug intolerance or overdosage, 
have been reported. Also reported: headache, heartburn, upset 
stomach, nausea, vomiting, diarrhea, constipation, GI pain, ner- 
vousness, talkativeness, apprehension, irritability, weakness, 
palpitations, chest pains, body and joint pains and GU complaints. 
There have also been rare occurrences of leukopenia, granulo- 
cytopenia, sweating, flushes, difficulty in focusing, blurred vision, 
burning eyes, faintness, hypotension, shortness of breath, 
pruritus, skin rash, dry mouth, bitter taste, excessive salivation, 
anorexia, euphoria, depression, slurred speech, confusion, rest- 
lessness, hallucinations, paradoxical reactions, e.g., excitement, 
stimulation and hyperactivity, and elevated SGOT, SGPT, total and 
direct bilirubins and alkaline phosphatase. 
Dosage: Individualize for maximum beneficial effect. 
Adults: 30 mg usual dosage; 15 mg may suffice in some patients. 
Elderly or debilitated patients: 15 mg recommended initially 
until response is determined. 
Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 
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AN IMPORTANT ADVANCE 


NEW 


TABLETS 


(ZOMEPIRAC SODIUM) 


THE FIRST COMPREHENSIVE 
NON-ADDICTING ANALGESIC" 


... comprehensive because of its broad 
use in mild to moderately severe pain. 


well tolerated in both 
short- and long-term’ use 








NEW ZOMax | 


TABLETS 





(ZOMEPIRAC SODIUM) 


IN POSTSURGICAL PAIN: 


". ..the non-narcotic analgesic zomepirac 
administered in repeated doses is well tol- 
erated and effective..."' in mild to moder- 
ately severe postoperative pain. 





COMPARATIVE PAIN RELIEF 
Response from postsurgical patients after 

a single dose of ZOMAX (zomepirac sodium) 
or placebo 


RELIEF" 


"SOME 
PAIN ZOMAX 100 mg 


RELIEF" 


PLACEBO 





Hours 1/2 1 2 3 4 5 6 


Combined data from four single-dose studies 
encompassing 123 patients. In three of the studies, 
91 patients were evaluated for 6 hours. 

In the fourth study, 32 patients were evaluated 

for 4 hours. 


THE FIRST COMPREHENSIVE NON-ADDICTING 
ANALGESIC: ..comprehensive because of its broad 
use in mild to moderately severe pain 


IN PAINFUL MUSCULO- IN PAINFUL SPRAINS, 
SKELETAL DISORDERS: STRAINS AND FRACTURES: 


ZOMAX "'...provided continuing effective "...from the standpoint of both effective- 
analgesia in the relief of chronictt! pain..:'? ness and tolerability, zomepirac is a useful 
AME : Soy alternative to existing analgesic agents for 

ZOMAX "...will provide a significant the management of acute orthopedic pain’ 4 
contribution to the multifaceted therapeu- 
tic approach required for optimum man- GLOBAL EVALUATIONS WITH ZOMAX 
agement of patients with chronict:! in Painful Sprains, Strains and Fractures 
orthopedic pain.'? 

Total number Mean duration — Number responding to 
GLOBAL EVALUATION WITH ZOMAX of patients of therapy ZOMAX therapyt 


Encompassing: Pain due to Chronic 73 4.8 days 70 (96.096) 
Degenerative Joint Disease — Two Studies; 
Chronic Orthopedic Pain — One Study. 


Total number Number responding to 
of patients ZOMAX therapyt 
417 357 (85.696) 





* ZOMAX is a nonsteroidal, anti-inflammatory agent which has been developed 
as an analgesic. It also possesses antipyretic activity. 





TUse with caution in patients treated for longer than 6 months 
(see warnings and precautions). 


Includes patients with minimal, moderate, and marked response to therapy. 


For brief summary of prescribing information, see last page of advertisement. 


-— ZUÜUlTIax - 


TABLETS 


(ZOMEPIRAC SODIUM) 


EFFECTIVELY ACTS ON 


PAIN... WITH NO EVIDENCE 
OF ADDICTION POTENTIAL 


CLASSICAL ANIMAL STUDIES — which are rea- 
sonable predictors of addiction and dependency 
potential — have demonstrated that ZOMAX 
has no such potential. 

CLINICAL EXPERIENCE has also attested to 
the non-addicting aspect of ZOMAX treatment. 
Honig$ reported 107 patients treated for 
chronict pain over a 12-month period. The es- 
sentially constant mean daily dose levels after 
one year of treatment demonstrated *..no ev- 
idence of development of tolerance during 
extended therapy with zomepirac:'5 

McMillen, et al. evaluated mean daily dose 
data for 231 patients receiving ZOMAX up to 
12 weeks for chronict orthopedic pain. The rel- 
ative stability of mean dosage levels recorded 
throughout this 12-week trial indicated that 
“.. patients taking zomepirac on a long- 
term basis would be expected to experi- 
ence adequate pain relief without the risk 
of dependence and development of toler- 
ance associated with narcotic-containing 
compounds:? 


The non-addicting benefits of ZOMAX and 
aspirin were also demonstrated in a double- 
blind study by O’Brien and Minn,’ involving pa- 
tients who were treated for pain due to 
chronict degenerative joint disease. In this 
study, 121 patients received ZOMAX treatment 
for 12 months! Subsequently, for an additional 
three-day period, 64 of these patients contin- 
ued to be treated with ZOMAX while the re- 
maining 57 were switched to aspirin. 


(D 
O 


After assessing all of the cases for physical 
and psychological symptoms associated with 
classic opiate withdrawal, the investigators 
found that the “...abrupt change from oral 
zomepirac to aspirin demonstrated no evi- 
dence of withdrawal symptoms!” ZOMAX, 
according to these findings, “...is unlikely to 
be abused: 


TUse with caution in patients treated for longer than 6 months 
(see warnings and precautions). 


G) 


? 


THE FIRST COMPREHENSIVE NON-ADDICTING 
ANALGESIC:. comprehensive because of its broad 
usein mild to moderately severe pain 





EFFECTIVELY ACTS ON PAIN 
... WITH A LOW INCIDENCE 
OF SIDE EFFECTS 


Short- and long-term studies show ZOMAX to The distinctive ZOMAX tablet... 

be well-tolerated and to possess side effects New ZOMAX is unlike any analgesic 

similar to other prostaglandin synthesis inhibi- you ve prescribed...and so is the shape of 
tors. During extensive clinical trials, the inci- its tablet. It's uniquely hexagonal...and easily 
dence of adverse reactions for patients identifiable. Patients are not likely to mistake 
receiving short-term therapy was in nearly all the new ZOMAX tablet for any other medica- 
cases substantially lower than for patients re- tion they may be taking concomitantly. 
ceiving long-term therapy. The most frequently 


*ZOMAX is a nonsteroidal, anti-inflammatory agent which has been 


reported Side effects were gastroi ntestinal. The developed as an analgesic. It also possesses antipyretic activity. 
most common of these was nausea. As with 
other nonsteroidal anti-inflammatory drugs, 
ZOMAX should be given under close supervi- 
Sion to patients with a history of upper gastro- 
intestinal tract disease (see warnings). 

In controlled clinical trials, the frequency of 
urinary tract signs and symptoms was higher 
in ZOMAX treated patients than in aspirin pa- 
tients. Because of these findings, as well as evi- 
dence of renal toxicity in animals (as reported 
with other prostaglandin synthesis inhibitors), 
and an increase in adrenal tumors in male rats 
in a two-year study, ZOMAX should be used 
with caution in patients treated for longer than 
Six months (see warnings and precautions). 

The antipyretic and anti-inflammatory activ- 
ity of ZOMAX may reduce fever and inflamma- 
tion, thus diminishing their utility as diagnostic 
signs in detecting complications of presumed 
non-infectious non-inflammatory painful condi- 
tions. For a detailed listing of side effects, in- 
cluding their approximate incidence and 
probability of a causal relationship to ZOMAX, 
see "Adverse Reactions" section of the ap- 
pended brief prescribing information. 





For brief summary of prescribing information, see last page of advertisement. 


ZOMAX* (zomepirac sodium) 

BRIEF SUMMARY 

INDICATIONS AND USAGE: ZOMAX (zomepirac 
sodium) is indicated for the relief of mild to moderately 
severe pain. 

CONTRAINDICATIONS: In patients who have previously 
exhibited intolerance to it; in patients in whom aspirin and 
other nonsteroidal, anti-inflammatory drugs induce bron- 
chospasm, rhinitis, urticaria, or other sensitivity reactions. 
WARNINGS: Give under close supervision to patients 
with a history of upper gastrointestinal tract disease 

and only after consulting the ADVERSE REACTIONS sec- 
tion. Peptic ulceration and gastrointestinal bleeding, 
sometimes severe, have been reported. 

In clinical studies in patients receiving long-term 
zomepirac sodium treatment for up to 2 years, 
peptic ulcers were reported at an incidence of 
almost one percent. Gastrointestinal bleeding 
without evidence of peptic ulceration has 
been reported at an incidence of about 3 
per 1000. 

Because of animal tumorigenicity 
findings (see PRECAUTIONS Car- 
cinogenesis section) andthe possi-  - 
bility of adverse effects on the urinary ^ 
tract from prolonged use in humans (see 
PRECAUTIONS), caution should be exer- 
cised in considering ZOMAX for chronic use. 
PRECAUTIONS. General: In a 6-month clinical trial, 
urinary tract signs and symptoms of dysuria, cystitis, uri- 
nary frequency, hematuria, pyuria, and urinary tract infec- 
tion appeared at a greater incidence in the ZOMAX 
patients (6.896) than in aspirin patients (1.496). The proba- 
bility that the difference observed in these two incidence 
rates is due to chance alone is 0.03. Although the cause 
of these signs and symptoms and their causal relation- 
ship to zomepirac sodium have not been adequately 
established, use with caution in patients treated for longer 
than 6 months. (Also see next paragraph for long-term 
renal effects in animals). 

Long-term toxicological studies have been done in 
rodents and primates. Metabolic studies with zomepirac 
sodium suggest that monkeys provide the best animal 
model for man. In rats, dose-related renal papillary 
necrosis and papillary edema were observed. In mice, 
renal papillary necrosis was observed, usually associated 
with advanced amyloidosis. In two 12-month studies in 
monkeys, there were occurrences of multifocal chronic 
nephritis characterized by interstitial scarring in monkeys 
receiving 40 mg/kg/day of zomepirac sodium, and milder 
interstitial nephritis and edema after 20 mg/kg/day. 
Nephrotoxicity was not observed in monkeys given 10 
mg/kg/day for 1 year. 

As with other drugs which inhibit prostaglandin biosyn- 
thesis, elevations of BUN and serum creatinine have been 
reported. Periodic kidney function tests are recom- 
mended for those patients undergoing long-term treat- 
ment. Since zomepirac is eliminated primarily by the 
kidneys, patients with impaired renal function should be 
closely monitored and lower doses of zomepirac sodium 
used. 

Mild peripheral edema has been reported in some 
patients receiving long-term therapy. Therefore, use with 
caution in patients with fluid retention, hypertension, and 
heart failure. 

ZOMAX, like aspirin, inhibits platelet function and pro- 
longs bleeding time; therefore, patients who have coagu- 
lation disorders should be carefully observed when 
ZOMAX tablets are administered. 

Because of ocular changes observed in animals with 
other nonsteroidal anti-inflammatory drugs, it is recorn- 
mended that ophthalmologic examinations be carried out 
if visual symptoms develop. 

The antipyretic and anti-inflammatory activity of ZOMAX 
may reduce fever and inflammation, thus diminishing their 
utility as diagnostic signs inedetecting complications of 
presumed non-infectious non-inflammatory painful 


NEW zomax THE fro d gsm rede NON-ADDICTING 


(ZOMEPIRAC SODIUM) use in mild to moderately severe pain 


conditions 
DRUG INTERACTIONS: 
The in vitro binding of zomepirac to 

human plasma proteins is decreased by sali- 

cylate at salicylate concentrations as low as 5 

mcg/ml, and the decrease is concentration dependent. 
In vitro studies indicated that at therapeutic concentra- 
tions of salicylates, the binding of zomepirac was 
reduced from approximately 9896 to 96-9396. Since there 
have been no controlled clinical trials to demonstrate 
whether or not there is any beneficial effect or harmful 
interaction with the use of ZOMAX in conjunction with 
aspirin, the combination is not recommended. 
CARCINOGENESIS, MUTAGENESIS, AND IMPAIR- 
MENT OF FERTILITY: In two 2-year studies in rats at 
doses up to 7.5 mg/kg/day (approximately the human 
dose in mg/kg), the incidence of adrenal tumors was 
increased. In two 18-month studies in mice at doses up to 
10 mg/kg/day, zomepirac sodium did not show evidence 
of tumorigenicity. 

PREGNANCY AND NURSING MOTHERS: Because of 
the animal tumorigenicity findings (see PRECAUTIONS, 
Carcinogenesis section) ZOMAX is not recommended 
during pregnancy or for treatment of nursing mothers. 
PEDIATRIC USE: ZOMAX is not recommended for use in 
children because of animal tumorigenicity findings (see 
PRECAUTIONS, Carcinogenesis section) and the possi- 
bility of adverse effects on the urinary tract from pro- 
longed use in humans (see PRECAUTIONS). 

ADVERSE REACTIONS: 

Incidence Greater Than 1% 

The following adverse reactions occurred more frequently 
than 1 in 100 in the approximately 1000 patients receiving 
therapy of one week or longer. The incidence of adverse 
reactions for patients receiving short-term therapy was in 
nearly all cases substantially lower. 

Gastrointestinal: Nausea 1296 (696 in short-term ther- 
apy), gastrointestinal distress? diarrhea? abdominal pain? 
dyspepsia? constipation? flatulence? vomiting? gastritis, 
and anorexia. 

Central Nervous System: Dizziness? insomnia* drowsi- 
ness, paresthesia. 

Cardiovascular/Respiratory: Edema? elevated blood 
pressure? cardiac irregularity, palpitations. 

Dermatologic: Rash? pruritus, skin irritation, sweating. 

Body as a Whole: Asthenia* Urogenital: Urinary tract 


ve because of its broad 





DISTINCTIVE... 
EASILY IDENTIFIABLE 
TABLET 


infection? urinary frequency, ele- 
vated BUN, elevated creatinine, 
vaginitis. 
Special Senses: Tinnitus, taste 
change. 
Psychiatric: Nervousness, anxiety. 
* depression. 
*Incidence 3% to 9% of patients. 
Incidence Less Than 1?6 
(Causal Relationship Probable) 
Urogenital: Hematuria. 
Dermatologic: Urticaria. 
F Gastrointestinal: Peptic ulcer, gastrointesti- 
nal bleeding. 
Body as a Whole: Periorbital edema. 
Incidence Less Than 1% 
(Causal Relationship Unknown) 
Body as a Whole: Chills. 
Gastrointestinal: Liver function abnormalities. 
DRUG ABUSE AND DEPENDENCE: ZOMAX is a 
non-narcotic, non-addicting analgesic drug. 
"- OVERDOSAGE: The absence of experience with 
acute overdosage precludes characterization of 
























i sequelae and assessment of antidotal efficacy at this 


time. Itis reasonable to assume, however, that the stan- 
dard practices of gastric evacuation, activated charcoal 
administration, and general supportive therapy would 
apply. 

Animal studies have indicated that bicarbonate alkalin- 
ization significantly enhances zomepirac elimination from 
the plasma and suggest that this measure would have 
benefit in a clinical overdosage situation. 

DOSAGE AND ADMINISTRATION. The recommended 
oral dose of ZOMAX (zomepirac sodium) tablets is 

100 mg every 4 to 6 hours as required. In mild pain, 50 mg 
(one-half tablet) every 4 to 6 hours may be adequate. 

In well-controlled studies, single doses larger than 


] 


100 mg have not been more effective than 100 mg andare _.. 


not recommended. Doses exceeding 600 mg per day 
have not been studied and are not recommended for 
even acute use. In treatment exceecing 3 months dura- 
tion, doses greater than 400 mg per day have not been 
studied and are not recommended. 

Patients who receive long-term treatment should be 
periodically monitored (see PRECAUTIONS). Since ant- 
acids do not interfere with the bioavailability of zomepirac, 
ZOMAX may be administered with antacids (other than 
sodium bicarbonate) if gastrointestinal symptoms occur. 

ZOMAX is not recommended for use in children (see 
PRECAUTIONS, Pediatric Use). 


REFERENCES: 1. deAndrade JR, Honig S, Ciccione WJ, 
et al: Clinical comparison of zomepirac with pentazocine 
in the treatment of postoperative pain. J Clin Pharmacol 
20(4, part 2):292-97, April 1980. 2. Ruoff GE, Andelman 
SY, Cannella JJ: Long-term safety of zomepirac: A 
double-blind comparison with aspirin in patients with 
osteoarthritis. J Clin Pharmacol 20(5-6, part 2):377-84 
May-June 1980. 3. McMillen JI, Urbaniak JR, Boas R: 
Treatment of chronic orthopedic pain with zomepirac. 

J Clin Pharmacol 20(5-6, part 2):385-91, May-June 1980. 
4. Mayer TG, Ruoff GE: Clinical evaluation of zomepirac in 
the treatment of acute orthopedic pain. J Clin Pharmacol 
20(4, part 2):285-91, April 1980. 5. Pruss TP, Gardocki JF, 
Taylor RJ, et al: Evaluation of the analgesic properties of 
zomepirac. J Clin Pharmacol 20(4, part 2):216-22, April 
1980. 6. Honig S: Preliminary report: Long-term safety of 
zomepirac. J Clin Pharmacol 20(5-6, part 2):392-96, May- 
June 1980. 7. O'Brien CP. Minn FL: Evaluation for with- 
drawal symptoms following chronic zomepirac 
administration. J Clin Pharmacol 20(5-6, part 2):397-400, 
May-June 1980. 087101 
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* ZOMAX is a nonsteroidal, anti-inflammatory agent which has been developed as an analgesic. It also possesses antipyretic activity. 


Inadequately Reduced Acid Secretion After Vagotomy 


for Duodenal Ulcer 


A Follow-up Study Three to Nine Years After Surgery 


JOHAN KJ/ERGAARD, M.D., PH.D., HANS-ERIC JENSEN, M.D., PH.D., HENRIK ALLERMAND, M.D. 


In a study of 545 patients who underwent vagotomies for 
repair of duodenal ulcers, 62 patients (11%) were found to 
have inadequately reduced pentapeptide and/or insulin- 
stimulated acid secretions three months after operation. The 
ulcers recurred in 14 patients within three to nine years (mean: 
four years) (23%, 95% confidence limits: 13— 35). Postoperative 
acid production and acid reduction were equal in patients with 
and without ulcer recurrence. The patients who did not develop 
recurrent ulcers had significantly lower preoperative pentapep- 
tide peak acid outputs and significantly shorter preoperative 
histories of ulcers than patients whose ulcers recurred. 


HE RISK OF DEVELOPING a recurrent duodenal ulcer 
T after vagotomy has, at times, been estimated by 
means of pre- and postoperative acid secretion tests. 
Hollander?^ introduced the insulin-stimulated acid 
secretion test for the evaluation of the completeness 
of vagotomy. The numerical value of the test and its 
negative and positive responses correlate poorly with 
the prognosis for possible ulcer recurrence after 
vagotomy for a duodenal ulcer.? The correlation can 
be improved when the insulin test is included in a 
multifactoral acid secretion study.‘ It is possible to 
identify the high-risk group of patients if augmented 
histamine and the pentapeptide tests are also em- 
ployed.^* Thus, acid studies have become more de- 
tailed and discriminating, but it is still impossible to 
predict, preoperatively, the risk of recurrent ulcer in 
the individual patient. 

With this in mind, the authors studied a group 
of patients who had not had acid secretion reduced 
or had it reduced only to a slight degree, following 
vagotomy for a duodenal ulcer. 
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Definitions, Patient Materials and Statistical Methods 


The expected reduction in the peak pentapeptide 
acid output (PPAO) following operative vagotomy is 
approximately 60%, the expected reduction in the peak 
insulin acid output (PIAO) is approximately 9096, and 
the expected reduction in the basal secretion output 
(BAO) is approximately 8096.5 In this study, patients 
with an inadequate acid reduction are defined as having 
a reduction in PPAO of less than or equal to 30% and/or 
a reduction in PIAO of less than or equal to 60%, three 
months after operation. 

Approximately 760 patients underwent vagotomies 
for the treatment of duodenal ulcers during the seven- 
year period from January 1968 to January 1975. Results 
of acid secretion tests, done preoperatively and ap- 
proximately three months postoperatively, were ob- 
tained for 545 (7096) of the 760 patients. According 
to the above criteria, 62 of the 545 patients (11%) had 
inadequate acid reduction. Figure 1 shows that among 
these 62 patients, 28 patients had inadequate reduction 
in PPAO, 20 patients had inadequate reduction in 
PIAO, and 14 patients had inadequate reduction in 
both PPAO and PIAO. 

Other characteristics of the group of patients studied 
are shown in Table 1. Ten of the 62 patients were fe- 
male. The mean age of the 62 patients was 44 years, 
and the mean duration of symptoms was five years. 
Data on the site of the ulcer and type of operation 
performed are shown in Table 2. A diagnosis of re- 
current ulcer was made by radiographic examination 
and, in the latter part of the investigational period, by 
gastroduodenoscopy. A diagnosis of recurrent ulcer . 
was further confirmed at operation. The follow-up 
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Fic. 1. Diagram showing the grouping of 62 patients with duodenal 
ulcers with inadequately reduced acid levels. Twenty-eight patients 
had inadequately reduced PPAO. Twenty patients had inadequately 
reduced PIAO, and 14 patients had inadequate reductions in both 
PPAO and PIAO. The hatched area shows the patients with recur- 
rent ulcers. PPAO: peak pentapeptide acid output. 


period for the 62 patients was four years (range: 3-9 
years). No patients were lost to follow-up study, but 
four patients died of causes other than their ulcers 
during the four-year follow-up period (Table 2). 

The percentage reductions in PPAO and PIAO at the 
time of the three-month postoperative examination are 
shown in Figures 2 and 3. The percentage changes in 
PPAO and in PIAO were computed for 56 and 51 pa- 
tients, respectively. In 31 patients, the acid reductions 
were better than the limits (PPAO > 30%, PIAO 
> 60%) established for this investigation (Figs. 2 and 
3). Fifteen of 42 patients with inadequate PPAO re- 
ductions had PIAO reductions better than the 60% 
limit. Fourteen of 34 patients with inadequate PIAO 
reductions had PPAO reductions better than the 3046 
limit. It should be noted from Figures 2 and 3 that in 
eight of the tests, higher acid secretion levels were 
observed after vagotomy than had been determined 
prior to operation. There were five increased PPAO 
levels and three increased PIAO levels in a total of 
seven different patients. 

Three months after operation the mean PPAO reduc- 
tion for the 545 patients studied was 2346 (Table 3); 
the mean PIAO reduction was 53%; the mean BAO 
reduction was 39% (Table 3). 
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Statistical Evaluation 


The chi square test for 2 x 2 and 2 x 3 tables was 
used for statistical hypothesis testing for nominal 
variables; the Mann-Whitney rank sum test was used 
for unpaired data on the interval scale; Wilcoxon's 
rank sum test was used for paired data in the interval 
scale; Spearman's nonparametric correlation was used 
for the comparison of the relationships between 
variables. Significance testing was carried out at the 
5% level. 


Results 


At follow-up examinations, 48 of the 62 patients had 
no symptoms, while 14 patients had been treated for 
a recurrent ulcer (23%, 95% confidence limits: 13—35). 
The presence of a recurrent ulcer was confirmed either 
by gastroscopy and/or operation. 

Five of the 14 patients with recurrent ulcers had the 
ulcers diagnosed within one year of the primary va- 
gotomy (Fig. 4). The mean time between the primary 
operation and treatment for the recurrent ulcer was al- 
most three years. Eleven of the 14 patients who devel- 
oped recurrent ulcers underwent antrectomies, and 
three patients were treated conservatively using 
cimetidine. One patient died of lung cancer. One 
patient suffered from slight dumping syndrome, while 
the other patients were free of symptoms. 

The 14 patients with recurrent ulcers did not differ 
from those patients without recurrent ulcers, except 
for factors explainable by coincidence (this applies to 
sex, age, weight, site of the ulcer, the type of operation 
[Tables 1 and 2], nutritional condition, number of 
perforations, and massive hemorrhages recorded in the 
case histories). 

All of the patients were operated on by trained 
surgeons who had reached the senior registrar or con- 
sultant level. Similarly, all of the trained surgeons 
working in the department of surgery during the study 
period had treated patients with inadequate acid re- 
ductions. The case reports of two patients described 


TABLE 1. Clinical Characteristics of 62 Patients with Duodenal Ulcers who had Inadequately Reduced Acid Levels 


Number of 
Patients Men/Women 
No ulcer recurrence 48 40/8 
Ulcer recurrence 14 12/2 
-Total 62 52/10 


Duration of Observation 
Age Weight Symptoms Period 
(Years) (Kilograms) (Years) (Years) 
42 70 5 4 
(33-54) (63-78) (2-10) (3-5) 
48 69 10 3 
(38-56) (64-82) (6-26) (1-5) 
44 70 5 4 
(34-55) (63-78) (2-10) (3-5) 


The numbers above the numbers in parentheses are median. The numbers in parentheses are 0.25 and 0.75 percentiles. 
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TABLE 2. Sites of Ulcers, Types of Operations, and Deaths in 62 Patients Who Had Inadequately Reduced Acid Levels 
—————————————————— a 





Site of Ulcer Type of Operation Died During 
Number of Observation 
Patients UD UP UPP UC PCV SGV + D TV +D Period 
No ulcer recurrence 48 29 9 5 5 25 19 4 3 
Ulcer recurrence 14 10 3 l 0 5 6 3 l 
Total 62 39 12 6 5 30 25 7 4 





Key: UD: ulcer in the duodenal bulb. UP: ulcer in the pyloric ring. 
UPP: prepyloric ulcer. UC: uncertain or no information as to site. 


intraoperative complications which could have affected 
the technical quality of the vagotomies; the esophagus 
of one patient ruptured and one patient had had a pre- 
vious operation for a hiatus hernia. Neither of these 
patients had recurrent ulcers. 

The only difference between the two groups of pa- 
tients was in the durations of the dyspepsia prior to 
operation. The patients who did not develop recurrent 
ulcers were dyspeptic for an average of five years 
(range: 1—42 years), while the patients who did have 
recurrent ulcers were dyspeptic for ten years (range: 
0—45 years) (Table 1). 

The results of operative attempts to reduce acid 
secretion were poor for patients with and without ulcer 
recurrence. This applied to basal and stimulated acid 
secretion at three months, and three to five years after 
operation (Table 3). The absolute acid values obtained 
postoperatively were similar. The BAO evaluated after 
three months (Table 3), and the PPAO and PIAO evalu- 
ated at three months and three to five years after 
operation (Figs. 5 and 6) did not differ, to any great 
extent, for patients with and without recurrent ulcers. 

Conversely, the patients who later developed re- 
current ulcers had significantly higher preoperative 
PPAO values (Fig. 5), and higher, but nonsignificantly, 
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Fic. 2. Histogram showing the PPAO reductions in 62 patients with 
duodenal ulcers with inadequately reduced acid levels. The re- 
ductions were recorded three months after vagotomy. The abscissa 
denotes the percentage change in acid secretion. The border limit 
between adequate and inadequate is arbitrarily set at © 30%. Note 
five patients with a higher © PPAO value after operation. The 
hatched area shows the patients with recurrent ulcers. 


PCV: parietal cell vagotomy. SGV + D: selective gastric vagotomy 
with drainage. TV + D: truncal vagotomy with drainage. 


values of PIAO (Fig. 6) than those who did not develop 
recurrent ulcers. 

Inadequately reduced PPAO, PIAO, and simul- 
taneous PPAO and PIAO had no bearing in the statis- 
tical distribution of patients with recurrent ulcers (Fig. 1). 
Similarly, the number of negative, early positive, and 
late positive insulin tests (Table 3) had no bearing on 
the statistical distribution of patients with and without 
recurrent ulcers. The reduction of acid secretion in 
patients with recurrent ulcers was not unique to any 
group of patients (Figs. 2 and 3). This random distri- 
bution was statistically correct. 

Of the 48 patients without recurrent ulcers, 3196 had 
inadequate reductions in all of the acid parameters 
(BAO, PPAO and PIAO). Similarly, of the 14 patients 
with recurrent ulcers, 2896 had inadequate reductions 
in all of the measured parameters. 


Discussion 


The frequency of ulcer recurrence following va- 
gotomy, with or without pyloroplasty, is between 2 
and 27% in patients not selected for clinical study.5? 
However, a more direct comparison between the 
various studies is impossible, because of differences 
in the composition, the type of operation, and the 
length of the observation period. On the other hand, 


number of 
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Fic. 3. Histogram showing the PIAO reductions in 62 patients with 
duodenal ulcers with inadequately reduced acid levels. The reductions 
were recorded three months after vagotomy. The abscissa denotes 
the percentage change in acid secretion. The border limit between 
adequate and inadequate is arbitrarily set at © 60%. Note three ` 
patients with a higher ® PIAO value after operation. PIAO = peak 
insulin acid output. The hatched area shows the patients with 
recurrent ulcers. 
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TABLE 3. Acid Characteristics of 62 Patients with Duodenal Ulcers with Inadequately Reduced Acid Levels 








Hollander Three 
BAO, Three PerCent BAO Per Cent PPAO Per Cent PPAO Per Cent PIAO Months After Per Cent PIAO 
Months Reduction Reduction Reduction Reduction Operation (no.) Reduction 
After Three Months Three Months Three to Five Three Months Three to Five 
Operation After After Years After After Early Late Years After 
mEq/hour Operation Operation Operation Operation Neg. pos. pos. Operation 
No ulcer (0.4—6.6) (8-75) (11-30) (—11-51) (46-82) (1-75) 
recurrence * a= dB IS ie 220 = 43 28 a= 17 aT dO 8 19 3 55 o 10 
Ulcer 8 (0.7—6.3) 62 (1-81) 29 (11—46) 60 (22-63) 50 (39-57) 5 6 3 39 (18—76) 
recurrence n= 14 p= 14 n= A= 3 n= 11 E 
(0.6-6.4) (3-77 (11-34) (—2-58) (41-78) (18-76) 
Total 3.0 a m 65 39 m^ 23 irm E 28 n= 20 53 en 10 25 16 39 "aii 


Key: The figures given are median values. The numbers in paren- 
theses are 0.25 and 0.75 percentiles; n: the number of patients on 


the 2346 ulcer recurrence rate in the patients in this 
series, and the comparatively long observation period 
(three to nine years) are within the above stated limits. 
This is rather remarkable when it is borne in mind that 
the majority of studies concerning patients with re- 
current ulcers report a high frequency of patients with 
an inadequate reduction in acid secretion.^? 

Eleven per cent of the patients in our study had in- 
adequate reductions in acid secretion. The figures given 
for inadequate reduction of acid secretion in the litera- 
ture range from 15 to 5096.? This difference does not 
necessarily mean that the operations performed in our 
study were better than those of other studies, but 
merely reflects a difference in the definition of inade- 
quate acid reduction. The studies reported in the 
literature are mainly concerned with patients who are 
Hollander-positive. 

Our study indicated that there was no correlation 
between the various types of operations and acid re- 
duction. Similar findings have been made in unselected 
studies. 

The causes of poor reduction in acid secretion fol- 
lowing vagotomy undoubtedly involve a number of fac- 
tors. An obvious cause is that the operation was in- 
sufficient, meaning that intact nerve fibers may still be 
present after operation. In such cases, one would ex- 





number of 
patients 
5 
4 
3 
2 
1 
1 2 3 4 5 6 years after 
operation 


Fic. 4. Histogram showing the time from vagotomy to the diagnosis 
of recurrent ulcers in 14 patients. 


which the calculations are based; BAO: basal acid output; PPAO: 
peak pentapeptide acid output; PIAO: peak insulin acid output. 


pect that in obese patients and cases where there had 
been some difficulty during operation itself, there 
would be a high incidence of recurrent ulcers. This 
was not evident in our study. 

Incorrect acid secretion determinations may be an- 
other reason for poor reduction in acid secretion. The 
reliability of the acid secretion tests has been re- 
ported as 7.5%.' In addition, there was a good corre- 
lation between the PPAO reductions performed three 
months after operation and three to five years after 
operation (rho — 0.702). There was also a good corre- 
lation between the PIAO reductions performed three 
months after operation and three to five years after 
operation (rho — 0.573). 

The present study does not consider pyloric loss 
or duodenal regurgitation a cause of poor reduction in 
acid secretion. The inadequate reduction in PPAO 
could, thus, result from a change in the emptying time 
of the stomach (acid retention). Seven patients in our 





PPAO 
meq/h O---O No recurrent ulcer 
50 = @—® Recurrent ulcer 
40 
30 
20 
10 
before 3 months 5 years 
operation | after after 
operation operation 


FiG. 5. Peak pentapeptide acid output in the patients with and with- 
out recurrent ulcers before and after vagotomy. The values stated 
are median and 0.25 and 0.75 percentiles; n: the number of patients 
on which the calculations are based. 
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series had postoperative increases of acid secretion 
levels without ulcer recurrences. These extreme opera- 
tive results could, however, have been coincidental. 
The explanation, at least, cannot be ascribed to a 
shorter observation period in these particular pa- 
tients, or to a lower preoperative PPAO level, as com- 
pared with patients who had recurrent ulcers. 

It has been demonstrated,’ with regard to the post- 
operative determination of acid secretion, that the 
interval between the operation and the determination 
of the acid secretion is of vital importance with respect 
to the reliability of the tests. An interval of three 
months, as used in the present investigation, apparently 
permits the patient to attain stable acid production, 
as there was no significant difference between the acid 
secretion levels at three months and three to five years. 

Theoretically, the inadequate reduction in acid 
secretion could result from a technically incorrect 
hydrogen quantitation, from insufficient vagotomy, 
and from individual variations in anatomicophysiologic 
factors. For example, patients with inadequate re- 
ductions of acid secretion have increased acid produc- 
tion in the gastric phase. 

Looking at the problem from such an anatomico- 
physiologic angle, it is worth noting that, in the present 
series, the patients with and without recurrent ulcers 
had the same absolute postoperative acid levels, but 
that the patients with recurrent ulcers had higher pre- 
operative acid values. Thus, there appears to be a 
preoperative characteristic influencing the develop- 
ment of a recurrent ulcer—an observation also made 
by Kronborg.® 
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Fic. 6. Peak insulin acid output in the patients with and without 
recurrent ulcers before and after vagotomy. The values stated are 
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Mallory-Weiss Syndrome 


Evolution of Diagnostic and Therapeutic Patterns Over Two Decades 


LUC MICHEL, M.D., ALFONSO SERRANO, M.D., RONALD A. MALT, M.D. 


During a 19-year period ending December 1978, we treated 
40 patients with upper gastrointestinal bleeding secondary 
to the Mallory-Weiss syndrome. Thirty patients had the triad 
of vomiting, hematemesis and alcoholism. The presence of 
lacerations within the gastric cardia was associated with the 
presence of hiatal hernia (p — 0.03). Endoscopic examinations 
demonstrated 32 of 38 additional upper gastrointestinal 
lesions associated with the syndrome that could have been 
mistaken as the actual source of hemorrhage. During the 
second decade, as compared with the first decade, wide- 
spread use of fiberoptic esophagogastroscopy led to the 
identification of the bleeding lacerations in 71% of the 
patients (versus 47% in the first decade) and in 80% (versus 
0% in the first decade) of the patients who required an opera- 
tion to control the bleeding. Although there was a 7.5% 
mortality rate in the two decades, the incidence of operative 
treatment tended to decrease (42-24%; p = 0.13). More 
impressive were the decreases in transfusions (14 units to 5 
units per patient) and in delays before surgery (38 hours to 
17 hours) (p — 0.05). Improved endoscopic diagnosis facilitates 
prompt and economic treatment. 


F^ YEARS AFTER Mallory and Weiss! ? described 
a syndrome of acute postemetic lacerations of the 
gastric cardia as a source of major hemorrhage fol- 
lowing an alcoholic debauch, confusion remains about 
several major aspects of the syndrome. These are 1) 
the physiologic events producing the syndrome, 2) 
the differentiation from postemetic rupture of the 
esophagus, and 3) the role of vomiting provoked by 
hiatal hernias in causing gastric lacerations in non- 
alcoholic patients. Even the frequency of the Mallory- 
Weiss syndrome as source of gastrointestinal bleeding 
is argued, with reported incidences ranging from 1- 
1326.?^!? Although it cannot resolve all these issues, a 
review of the experience from the past two decades 
at this hospital has clarified them for us and has em- 
phasized the key role of fiberoptic esophagogastros- 
copy in directing therapy. 


Reprint requests: Ronald A. Malt, M.D., Massachusetts General 
Hospital, Boston, Massachusetts 02114. 
Submitted for publication: June 5, 1980. 


From the Surgical Services, Massachusetts General 
Hospital, and the Department of Surgery, Harvard 
Medical School, Boston, Massachusetts 


Materials and Methods 
Patient Population 


All cases of Mallory-Weiss syndrome diagnosed 
from January 1960, through December 1978, were re- 
viewed. Only cases in which mucosal tears were clearly 
visualized at endoscopic examination, surgery, au- 
topsy, or upper gastrointestinal contrast study'* were 
included. In this 19-year period, 40 patients had one 
or more mucosal lacerations at the esophagogastric 
mucosal junction or near it. They represented 2.25% 
of 1780 patients admitted to the hospital for diagnosis 
and treatment of upper gastrointestinal bleeding. 


Statistical Techniques 


Ordinary parametric techniques were used to 
analyze continuous data. Mean values are reported plus 
or minus the standard error of the mean. When in- 
dicated, nonparametric methods for unpaired measure- 
ments (Mann-Whitney test) were used. Comparison 
of the percentages of discrete data was done by chi 
square and Fisher's exact tests. Survival curves were 
constructed according to Cutler and Ederer's life- 
table method." 


Results 


Nineteen patients (4876) were admitted to the hos- 
pital between 1960 and 1969, and 21 patients (52%) 
were admitted from 1970. Thirty-two of the 40 patients 
(80%) were men (Table 1). The average age of the fe- 
male patients was 21 years older than the average age of 
male patients. Bright red blood in the vomitus was 
present in 8595 of the patients. In three patients, he- 
matochezia was the only symptom. 
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Major Identifiable Factors 


The major identifiable inciting factors were chronic 
excessive intake of alcohol and ingestion of acetylsali- 
cylic acid. Moderate or heavy ingestion of alcohol 
during the last hours immediately preceding hemor- 
rhage was admitted to by 15 patients (38%). Seven of 
the 17 patients who mentioned epigastric pain as a 
symptom had a history of duodenal ulcer. 


Hiatal Hernia 


Hiatal hernia was diagnosed in 17 cases (42%), 16 
times by endoscopic or radiologic methods and once at 
laparotomy. 

Thirty-one patients had 38 mucosal abnormalities 
of the upper gastrointestinal tract other than gastric 
lacerations, of which 3496 were bleeding, but none 
to a material degree. The vast majority (84%) of these 
additional abnormalities were identified by fiberoptic 
esophagogastroscopic examination. (Table 2). 


Diagnosis 


The diagnosis of the lacerations themselves was 
made by endoscopic examination in 24 patients (60%), 
at laparotomy in ten patients (25%), by upper gastro- 
intestinal contrast study in four patients (10%), and 
at autopsy in two patients (5%). The length of the tears 
ranged from 0.5 to 5 cm, and the number per patient 
ranged from one to five. 

Of the 24 patients in whom location of the tears 
was determined accurately by endoscopic examina- 
tion, 13 patients had hiatal hernias also demonstrated 
by endoscopic examination. In the six patients in whom 
the lacerations were confirmed to the lower esophagus, 


TABLE 1. Clinical Features of Mallory-Weiss Syndrome 











Number of 
Patients Per Cent 
Sex 
female 8 20 
male 32 80 
40 100 
Age (Years + S.E.) 
female 73 + 5.0* 
male 52 + 2.9 
Features 
alcoholism 30 T3 
aspirin 5 12 
epigastric pain 17 42 
emesis 35 87 
hematemesis 34 85 
melena 16 40 
shock 9 22 
hiatal hernia 17 42 
* P < 0.0085. 
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TABLE 2. Upper Gastrointestinal Lesions Associated 
with Mallory-Weiss Syndromes 





Types of Lesions Number of Lesions 


Esophageal 
esophagitis 3 
Schatzki's ring l 
Zenker's Diverticulum l 
diffuse esophageal spasm l 
submucosal hematoma 2 
varices 0 
Gastric 
erosive gastritis 4* 
gastritis 6* 
ulcer 0 
atrophic gastritis 2 
Duodenal 
duodenitis 3" 
ulcer 15 
38 


* Associated lesions that were also bleeding. 


hiatal hernias were present in two patients (33%); in 
the ten patients with lacerations at the cardioesopha- 
geal junction, hiatal hernias were present in four 
patients (40%). By contrast, hiatal hernias were diag- 
nosed in seven (87%) of the eight patients with lacera- 
tions at the gastric cardia (Table 3). 


Treatment 


Twenty-five patients (62%) required transfusions. 
The severity of the gastrointestinal bleeding was 
characterized by an average of 8.6 + 1.7 units of 
blood administered per patient (range: 1—39; median: 
7). Of the 40 patients with Mallory-Weiss syndrome, 
only 13 patients (32%) required operations. The opera- 
tions generally consisted of oversewing the lacerations 
with a running suture of 2-0 chromic catgut through an 
anterior gastrostomy. One patient sustained both a 
spontaneous perforation on the left side of the distal 
esophagus (Boerhaave’s syndrome) and a laceration of 
the cardia (Mallory-Weiss syndrome) on the right side 
of the stomach; he required suturing of the esophageal 
perforation through a left thoracotomy. 

Although seven of the 13 patients (54%) treated by 
an operation were in hypovolemic shock when ad- 
mitted to the hospital (systolic blood pressure less than 
90 mmHg), only two of 27 patients (7%) treated medi- 
cally were hypotensive (p = 0.002). The average 
volume of blood required for transfusions for the 
patients who were operated on was 10.8 + 2.8 units, 
as compared with only 2.8 + 0.9 units in the medically 
treated group of patients (p < 0.001). 

Comparison of the clinical data of the 40 cases of. 
Mallory-Weiss syndrome by decade 1960—69 versus 
1970—78 showed that eight of 19 patients (42%) were 
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TABLE 3. Association of Hiatal Hernia with Location of 
Mallory-Weiss Laceration Determined by Endoscopy 


Hiatal Hernia 


Number of oo 

Location of Laceration Patients Number (%) 

Esophagus 6 2 2a" 

Cardioesophageal junction ° 10 4 401 

Stomach 8 6i 871 
24 13 


* Esophagus versus stomach: p = 0.06. 

t Cardioesophageal junction versus stomach: p = 0.05. 

ti Stomach versus combined esophagus and cardioesophageal 
group: p — 0.03 (Fisher's exact test). 


operated on before 1970 and five of 21 patients (24%) 
were operated on after 1970 (p = 0.13). The average 
volume of blood required for transfusions before 
initiation of surgical treatment was 14.5 units before 
1970, but only 5.0 units after 1970 (p < 0.05, Mann- 
Whitney test). This difference in the volume of trans- 
fusion between the two decades is probably related 
to the fact that four out of five patients (80%) operated 
on after 1970 underwent emergency diagnostic endos- 
copy, leading to an earlier operation (17.7 hours after 
admission to the hospital versus 38.7 hours before 1970; 
p « 0.05). None of eight patients (p — 0.01) operated 
on before 1970 underwent esophagogastroscopy during 
the acute episode of bleeding. The overall incidence 
of diagnostic endoscopic procedures increased from 
4796 (9/19) before 1970 to 7196 (15/21) after 1970 
(p = 0.08). 

Medical treatment consisted of carrying out the 
necessary resuscitative measures and of initiating 
volume or blood replacement if the patient was in 
shock. Washing out the stomach with ice water and 
cleansing the stomach for subsequent endoscopy was, 
itself, successful in 27 of 31 cases for controlling the 
gastrointestinal bleeding. The medical management of 
continued bleeding from the lacerations included the 
use of intravenous vasopressin in only two patients. 
One of the two patients had Laennec's cirrhosis and 
finaly required oversewing of four Mallory-Weiss 
lacerations. 

Before 1970, three patients underwent balloon 
tamponade procedures with Sengstaken-Blakemore 
tubes in a desperate attempt to control the bleeding 
without surgical intervention. These maneuvers were 
unsuccessful in all three patients, who were finally 
operated on after delays of 30, 48 and 72 hours, respec- 
tively, providing another explanation for the dis- 
crepancy in the volume of transfused blood and the 
delay before surgical treatment between the two 
'decades. 


Ann. Surg. e December 1980 


Mortality Rates 


The overall mortality rate in this series was only 
7.596 (three of 40 patients). The ten-year survival rate 
was 73 + 11% (Fig. 1). There was no documented 
recurrence of Mallory-Weiss syndrome. 

The three deaths were all in patients not operated 
on. One patient had Laennec's cirrhosis, but did not 
bleed from any other source than the gastroesophageal 
lacerations. This patient required 20 units of blood to 
maintain his hematocrit at 30%; he died before surgical 
treatment could be initiated. The two other fatal cases 
of Mallory-Weiss syndrome were diagnosed at 
autopsy. Jn one case, autopsy demonstrated presence 
of acute mediastinitis, but no perforation of the esopha- 
gus could be identified to explain this mediastinitis. 
The second patient had sustained 80% body surface 
area third degree burns four hours before admission 
and died in septic shock. 


Discussion 


According to recent reports, ^1? the cause of acute 
postemetic lacerations ofthe gastroesophageal junction 
has shifted from alcohol-induced vomiting exclusively 
to vomiting induced by coughing paroxysms, uremia, 
pregnancy, and the acute development of high intra- 
esophagogastric pressures secondary to heavy lifting, 
straining at bowel movement, hiccoughing under 
anesthesia, and blunt abdominal trauma. Nonethe- 
less, 75% of our patients manifested with the classic 
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Fic. 1. Ten-year survival rate after treatment for Mallory-Weiss 
syndrome calculated by the actuarial method. 
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triad of vomiting, hematemesis, and alcoholism, as 
described by Mallory and Weiss in their initial report. 


Incidence and Importance of Upper Gastrointestinal 
Lesions Associated with Mallory-Weiss Syndrome 


Associated upper gastrointestinal mucosal lesions 
were found in 77% of the patients we treated. Such an 
association has been reported in other series.7:!!:16.17.18 
In one series,’ the incidence of associated lesions 
amounted to 83%. Indeed, these lesions may be the 
instigating cause of the retching or vomiting and 
produce the Mallory-Weiss syndrome indirectly. Fur- 
thermore, since these lesions could be mistaken as the 
source of bleeding, the value of thorough and early 
panendoscopy in patients who actually have the 
Mallory-Weiss syndrome is obvious if surgery is con- 
templated. 


Effect of Hiatal Hernia on the Pathogenesis and the 
Location of Mallory-Weiss Lacerations 


The Mallory-Weiss syndrome seems to occur more 
frequently in patients with hiatal hernias. The reported 
incidences range from 35 to 10092.7:17:19-?3 The intra- 
luminal pressure in the herniated portion ofthe stomach 
corresponds with that in the subdiaphragmatic portion 
of the stomach rather than with the intrathoracic 
pressure.???* The pressure gradient existing across the 
wall of the herniated portion can reach 100 torr or more 
during retching or vomiting, with consequent forceful 
stretching of the wall and eventual laceration. We 
agree with Watts? that an hiatal hernia may in- 
fluence the site of the mucosal tear associated with 
emesis. The tears occuring in the esophagus or over- 
lying the cardioesophageal junction are more often 
associated with the absence of demonstrable hiatal 
hernia; in contrast, tears located within the gastric 
cardia are generally associated with the presence of 
hiatal hernia. 
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The Role of Fiberoptic Esophagogastroscopy in 
Changing the Diagnostic and Therapeutic Approach 
of Mallory-Weiss Syndrome 


Review of the literature 712-17-35 shows an increasing 
trend toward the use of nonoperative treatment of the 
Mallory-Weiss syndrome (Table 4). Seventy-nine per 
cent of the cases reported since 19695:7-12 were treated 
without operation, for a 98% survival rate. This 
changing clinical picture has been attributed to wide- 
spread use of the fiberoptic endoscope.!9?:? 

Fiberoptic endoscopy has clearly led to a major 
improvement in the diagnosis of upper gastrointestinal 
hemorrhage, one aspect of this improvement being 
the increasing frequency of identification of Mallory- 
Weiss syndrome.??5?7 Less serious forms of lacera- 
tions are also recognized and treated medically now, 
as compared with the era before fiberoptic endoscopy. 
In addition, gastric lavage with ice water or iced saline 
solution to clean the stomach before emergency endo- 
scopic study will often, by itself, stop the bleeding 
from a gastric laceration. 


Other Therapeutic Modalities 


Balloon tamponade for the treatment of Mallory- 
Weiss syndrome is scarcely justified if an early diag- 
nostic approach is undertaken to determine what 
disease is present and which lesion is responsible for 
the bleeding. Furthermore, because hiatal hernia is fre- 
quently associated with the Mallory-Weiss syndrome, 
balloon tamponade is actually contraindicated since 
the inflated balloon may cause gastric tears in the 
herniated portion of the stomach.” 

The rationale for the use of aqueous vasopressin 
in the treatment of gastrointestinal bleeding is based 
on its ability to constrict splanchnic arterioles. Suc- 
cessful use of intravenous vasopressin to control the 
bleeding from a Mallory-Weiss syndrome was reported 
in 1971,?° and has since been used in two of our patients, 
with one success. 


TABLE 4. Type of Treatment and Survival Rate in Collected Series of Mallory-Weiss Syndromes (1929 through 1978) 


CC OOO eee 


Number Per Cent of 
of Patients Treated 
Period Cases by Operation 
1929— 1966% 121 52 
1966— 196917 108 47 
1969— 19785-712 220 21 
Massachusetts General 
Hospital Series 
1960— 1969 19 42 
1970— 1978 21 24 
Total 489 


Per Cent of 
Per Cent of Per Cent of Patients Who 
Patients Who Patients Treated Survived Medical 
Survived Operation Medically Treatment 
81 48 38 
90 53 86 
96 79 98 
100 S8 9] 
100 76 88 
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Recently, transcatheter therapeutic embolization, 
introduced for control of bleeding from esophageal 
varices, has been reported to be successful also in 
four patients with Mallory-Weiss syndrome.?" Massive 
bleeding was controlled by Gelfoam® embolization of 
the left gastric artery. 


Distinction Between the Mallory-Weiss Syndrome and 
the Boerhaave's Syndrome 


Both the Mallory-Weiss and Boerhaave's syndromes 
are manifested by upper gastrointestinal lesions due to 
vomiting, but the term ** Mallory-Weiss syndrome" ' has 
been used in some reports to describe both hemateme- 
sis from lacerations of the esophagogastric junction 
and spontaneous rupture of the terminal esophagus 
irrespective of the presence or absence of hemateme- 
sis.!??5 The term ‘‘Mallory-Weiss syndrome” should 
be restricted to patients with lacerations of the esopha- 
gogastric junction, the clinical presentation being 
massive hematemesis with or without shock, and 
generally without pain. Reported mortality rates for 
Mallory-Weiss syndrome range from 0 to 25%. In our 
series, the mortality rate of 7.5% corresponds to the 
7.996 rate reported by Palmer? in a 23-year prospec- 
tive study of 1,400 patients with upper gastrointestinal 
bleeding. 

Patients with postemetic spontaneous perforations of 
the esophagus are properly classified as examples of 
the Boerhaave's syndrome. Surgical treatment is 
generally indicated and has to be performed as early 
as possible. Mortality rates are higher if surgery is 
delayed (30-70% in various series). In addition to the 
40 patients with Mallory-Weiss syndrome treated 
between 1960 and 1978, ten patients with Boerhaave's 
syndrome were treated at the Massachusetts General 
Hospital. The mortality rate for the group of patients 
with Boerhaave's syndrome was 40%, versus a 7.5% 
mortality rate for patients with Mallory-Weiss syn- 
drome (p = 0.03). 

Despite differences in management and prognosis 
between these two syndromes, there is good reason 
to believe that they share a common pathogene- 
sis.?*?5 The fact that one patient in our series had an 
unruptured laceration of the cardia on the right side 
of the stomach, in addition to a linear rupture of the 
cardioesophageal junction of the left side, lends weight 
to the argument that a laceration is an incomplete rupture 
and that rupture is a complete laceration.??*75:?! 


Recommendations for the Management of the 
Mallory-Weiss Syndrome 


Patients who present themselves with upper gastro- 
intestinal bleeding and have an history of vomiting or 
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retching, especially when associated with recent al- 
cohol intake, should be examined for presence of the 
Mallory-Weiss syndrome. 

Since the bleeding will be controllable by nonopera- 
tive supportive therapy in the majority of these pa- 
tients, and since it is not always possible to make the 
diagnosis by the patient's history alone, early esopha- 
gogastroscopy is indicated. Endoscopic diagnosis will 
accurately reveal the severity of the bleeding, the loca- 
tion of the bleeding and the presence of other upper 
gastrointestinal mucosal lesions. It will help direct the 
surgeon to the responsible lesion when a surgical pro- 
cedure is required to control the hemorrhage. 

The resuscitative measures that should be carried out 
before and during the emergency diagnostic procedures 
include: immediate assessment of the clinical and 
hemodynamic status, maintainence of intravascular 
volume, and gavage with ice water using a No. 36F 
Ewald? tube. In many instances, bleeding from 
Mallory-Weiss lacerations is so minor that gavage 
with ice water controls the bleeding. 

Balloon tamponade is contraindicated. 

Ten units of vasopressin diluted in 10 ml of saline 
solution can be injected intravenously over a ten- 
minute period. The vasopressin injection can be re- 
peated at intervals of one to two hours, or preferably 
a constant intravenous infusion of 0.3 to 0.4 units per 
minute can be started. However hemodynamic func- 
tion and urine output must be monitored carefully, 
since tachyphylaxis and an antidiuretic effect can 
develop. 

Transcatheter embolization for control of massive 
bleeding from Mallory-Weiss tears is a promising new 
technique, but can not yet be recommended as primary 
treatment.?? 

The indications for the surgical treatment of Mallory- 
Weiss syndrome are decreasing, and no definite study 
has demonstrated the value of one surgical procedure 
over another. The surgical technique generally used 
to control massive bleeding from a Mallory-Weiss 
laceration that remains refractory to all conservative 
measures is oversewing the lacerations with a running 
suture of 2-0 catgut through an anterior gastrotomy. 
The best exposure is obtained through gastrostomy 
made in the middle one-third of the stomach and by 
using a large Deaver retractor while pulling upward 
on the nasogastric tube. This allows the cardia to be 
brought into view and exposes the folds at the esopha- 
gogastric junction.?? 

For lacerations that extend higher into the lower 
esophagus, left thoracotomy may be necessary to ex- 
pose the bleeding tears by opening the esophagus. If 
unremitting hemorrhage from associated gastritis com- 
plicates the situation, truncal vagotomy should be 
coupled with a generous gastrectomy.?? 
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Long-segment Colon Substitution for the Esophagus 


EARLE W. WILKINS, JR., M.D. 


This study was designed to determine the risk factors and long- 
term results of long-segment colon replacement or bypass of 
the entire thoracic esophagus. One hundred patients who 
underwent either long-segment colon replacement or bypass 
of the entire esophagus were studied. Nine per cent of the 
patients died in the hospital. There were seven instances of 
colon necrosis, and an additional seven instances of transient 
cervical esophagocolic anastomotic leaks. Necrosis of the colon 
was less frequent when the left colon was used as a substitute 
for the esophagus. The colon has proved to be a functional 
and durable substitute for the esophagus in 21 of the 100 pa- 
tients, who have had their esophageal substitutes for more 
than five years. 


HE USE OF LONG segments of colon, either for re- 
T placement or bypass ofthe entire length ofthoracic 
esophagus, is not new. The earliest reports date from 
1911 when Kelling’ and Vulliet independently re- 
ported experiences with esophagoplasty using seg- 
ments of colon. Mahoney and Sherman,’ in their signal 
1954 paper, began with the statement ‘‘the problem of re- 
construction of the esophagus following resection has 
remained a major difficulty since Torek in 1913 reported 
the first successful case of resection of the thoracic 
esophagus." Twenty-six years later, that remark re- 
mains significantly pertinent. 

Replacement of the esophagus with a segment of 
colon has been widely used for the reconstruction of 
the esophagus after resection for carcinoma. The surgi- 
cal treatment of esophageal carcinoma has been dif- 
ficult and frequently discouraging; the overall survival 
rate is, in fact, dismal. It is incumbent on all who 
provide surgical therapy for this disease. therefore, 
that the morbidity and mortality rates of their forms 
of treatment not compound the problem, and further 
diminish an already meager survival rate. The author* 
presented his early experience in 1975. This report 
deals with 100 operations performed at the Massachu- 
setts General Hospital in which long segments of colon 
were used either to replace or to bypass the entire 
intrathoracic esophagus. Follow-up data are complete 
for all cases through January 1, 1980. 
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Operative Methods 


This series includes 100 patients who were treated 
during the period from 1955 through 1978. At least one 
colon-esophagus substitution was performed by 11 
different private surgeons; 36 colon—esophagus sub- 
stitutions were performed by the author. 

The principal indication for the operation was dys- 
phagia sufficient to interfere with adequate nutrition 
by the normal oral route. The pathologic diagnoses are 
presented in Table 1. 

The patients ranged in age from 3 months to 83 years. 
Seventy eight per cent of the patients were in the 40— 
80-year age range, where atherosclerotic involvement 
of mesenteric vessels constituted a potential hazard 
in colonic reconstruction. There were 74 males and 
26 females in the series. 

Differing surgical techniques reflect the number of 
surgeons involved in the study. The principal technical 
considerations included the route of the esophageal 
replacement or bypass, the segment of colon used, 
and the direction of placement. The routes employed 
are listed in Table 2. The Waterston approach was used 
particularly for pediatric patients. (The mobilized left 
colon segment was placed behind the spleen and tail of 
the pancreas, through the posterior gutter of the left 
hemithorax, and out an apical thoracic aperture to the 
level of the cervical esophagus.) Of the 100 operations, 
the colon segment derived its blood supply from the 
left colic artery in 68 instances, and from the midcolic 
artery in 32 instances. All 100 colon segments were 
placed in isoperistaltic fashion. The use of a decom- 
pression catheter gastrostomy was routine. 

Pyloroplasty was performed in 29 patients. The 
Heineke-Mikulicz operation was performed in 26 pa- 
tients and pyloromyotomy was performed in three 
patients. An additional patient had had a prior distal 
partial gastrectomy. The colon segment used for bypass 
was anastomosed to proximal jejunum in each of three 
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TABLE 1. Diagnostic Indications 








Achalasia* 
Postlaryngectomy stricture 


Number of 
Diagnosis Patients 
Carcinoma 72 
Caustic stricture 13 
Congenital atresia 8 
Peptic stricture 5 
l 
l 





* There were three other patients with achalasia who developed 
carcinoma and are listed under that heading. 


patients. Thus a drainage procedure was performed in 
29 of 96 patients in whom the technique was appli- 
cable (30.2%). The usual rationale for pyloroplasty 
was the simultaneous performance of, or intended plan 
for, esophagectomy with attendant bilateral vagectomy. 

Total thoracic esophagectomy was accomplished in 
34 patients, in 22 patients as a delayed second stage 
procedure after 18 days to 16 months. In ten patients 
the esophagectomy was performed as a part of the 
colon- esophagus substitution. In two patients esopha- 
gectomy was performed initially with the colon—esopha- 
gus substitution as a second later stage. The principal 
reasons for staging esophageal resection and replace- 
ment were the saving of time, particularly in the 
group of patients with carcinoma where the majority of 
patients were over age 60 years, and the expected 
reduction in both morbidity and mortality rates. 

The operative mortality rate, defined as death within 
30 days of colon-esophagus substitution or at any 
time during the same hospitalization period, was 992 
(nine patients). The causes of death are listed in Table 3. 
Six of the deaths occurred within 10 days of colon- 
esophagus substitution. Two patients, an elderly 
patient who developed pneumonia and a patient 
with hepatic insufficiency, died three weeks after 
operation. The ninth patient died of generalized 
septicemia, despite early removal of a necrotic colon, 
on the 35th postoperative day. 

In addition to the operative mortality rate there was 
a considerable morbidity rate. The complications are 
recorded in Table 4. Seven patients had colonic necro- 
sis. This was the most feared complication. In four of 
the patients listed in Table 3 colonic necrosis was the 


TABLE 2. Route of Esophageal Substitution 


Number of 
Route Patients 
Anterior mediastinal 86 
Intrathoracic (Waterston) 10 
Posterior mediastinal 2 
Ante-thoracic subcutaneous 2 
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TABLE 3. Causes of Death During Hospitalization 





Number of 


Cause of Death Patients 


Colon necrosis 4 
Pneumonia 2 
Cardiovascular failure 2 
Hepatic failure l 


principal cause of death. The five miscellaneous 
complications included single cases of bleeding in the 
abdominal wound, an abdominal wound dehiscence, 
an incarcerated inguinal hernia (all requiring sec- 
ond operations), unilateral parotitis, and an unusual 
instance of nonvascular perforation of the trans- 
positioned colon in a patient on high-dosage thorazine 
therapy. This apparently had resulted in a chronic, 
hugely dilated, atonic but nonobstructive mediasti- 
nal colon. The indicator (T) in Table 4 indicates 
a technical, theoretically preventable complication. 
There were a total of 19 preventable complications. 
Fifteen patients had transpositioned colon complica- 
tions: seven patients had necrosis, seven patients had 
cervical esophagocolic anastomotic leaks, and the one 
patient had a nonvascular perforation. All cervical 
anastomotic leaks healed spontaneously within ten 
days following neck drainage and total restriction of 
oral feedings. 

In the seven cases of necrosis of the transpositioned 
colon, five occurred when the right colon (using the 
midcolic artery as its pedicle origin) was used; two 
occurred when the left colon (using the left colic 
artery) was used. Although the numbers are too small 
to provide statistical significance, there were five 
instances of colon necrosis in 32 right colon replace- 
ments (15.6%) versus two instances of colon necrosis 
in 68 left colon substitutions (2.9%). 

In six patients in whom colon bypass was performed 
for malignant esophagotracheal or esophagobronchial 
fistulas, three patients died in the hospital after opera- 
tion (at five, five, and 21 days respectively); three 
patients died at two, three and four months following 
discharge from the hospital. 


TABLE 4. Complications 


Number of 
Complication Patients 
Pneumonia 8 
Wound infection 8 
Colon necrosis (T) 7 
Cervical anastomotic leak (T) 7 
Vocal cord paresis (T) 3 
Pulmonary embolus 2 
Miscellaneous 5 
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TABLE 5. Cumulative Survival (Carcinoma Group) 

Time Mortality Cumulative 
Interval Number Rate At Period Survival 
(mo) Entering (%) Lost Risk Mort. Rate 
0-6 72 31 0 72 43.1 56.9 
6-12 4] 18 0 4l 43.9 31.9 
12-24 23 13 0 23 56.5 13.9 
24-36 10 3 0 10 30.0 9.7 
36-48 7 l 0 7 14.3 8.4 
48-60 6 l l 55 16.2 6.9 

>60 4 


Late Evaluation 


The colon bypass graft is designed for potential long- 
term function and it must, therefore, be assessed in 
terms of long-term function and complications. Colon 
replacement of the esophagus was performed in 72 
patients with carcinoma in the series. Fifty-nine of 
these patients died within 12 months of the bypass 
procedure (81.9%). Four patients with carcinoma sur- 
vived five years, a cumulative survival rate of 6.9% 
(Table 5). 

Complications that developed after the patients were 
discharged from the hospital are presented in Table 6. 
Eight patients have developed narrowing at the 
esophagocolic (proximal or cervical) anastomosis. 
Three were patients who had incurred caustic strictures 
from lye ingestion. In a fourth patient, the narrowing 
was subsequently proved due to recurrence of the 
esophageal squamous carcinoma. In four patients, 
therefore, late strictures occurred solely as the result 
of anastomotic suturing technique involved in long- 
segment colon- esophagus substitution. All four were 
initially managed with esophagoscopy and bougienage. 
Two patients required reoperations. 

Two patients required reoperations on the distal 
portions of the transpositioned colons, one for re- 
dundancy and the other for resection of the colo- 
gastric anastomosis with coloduodenal reconstruction 
16 years after the initial bypass procedure. Signifi- 
cant gastrocolic reflux was recorded in one patient. 
There was no recorded instance of inflammation or 
ulcer due to gastric reflux into the transpositioned colon. 

There were three cases of small bowel obstruction 
requiring reoperation. These occurred at two, four and 
six months after the thoracic placement of the colon. 
Two patients required resection of the small bowel; 
one patient required lysis of adhesions only. No case of 
intestinal obstruction has developed beyond 6 months. 

One patient, in whom colon bypass was performed 
foralong obstructing peptic stricture, required thoracic 
esophagectomy because of the development of an 
esophageal retention mucocele causing tracheal com- 
pression and partial obstruction. 
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Long-term function of the colon as a substitute for 
the thoracic esophagus has been generally excellent 
in the surviving patients. Colon-esophagus sub- 
stitutes were capable of transporting food in three 
patients and have been able to do so for as long as 24 
years. In addition, nine colon- esophagus substitutes 
are functioning well at 10—20 years after operation, 
and nine other colon- esophagus substitutes are func- 
tioning well at five to ten years after operation. Roent- 
genographically, these patients did not demonstrate 
active peristalsis in the colon segment, although this 
has not been carefully and systematically evaluated. 


Discussion 


In an earlier report from the Massachusetts General 
Hospital, the conclusion was drawn that '"'colon 
esophageal bypass can be accomplished with an accept- 
able morbidity and mortality." The data presented 
in this series of 100 patients lend additional support 
to this conclusion. Careful attention to operative 
technique continues to be mandatory. In theory, the 
mortality and morbidity rates in the present series 
could have been substantially reduced by even further 
refinement of technical details. Four of the nine hos- 
pital deaths and 19 of the 40 complications have been, 
albeit somewhat arbitrarily, considered the result of 
technical misadventures. 

The single most important factor in colon- esophagus 
substitution is the adequacy of blood supply to the 
colon segment used. Very helpful information is pro- 
vided by the preoperative angiographic evaluation of 
the patient's mesenteric blood supply. Novelline et al.? 
have described experience with combined superior, 
inferior mesenteric and celiac arteriography designed 
to assist the surgeon in colon-esophagus sub- 
stitution. Beyond this, familiarity with mesenteric 
artery anomalies is important. Nebesar et al.? have 
provided an excellent monograph describing variations 
in celiac and superior mesenteric arteries based on 
200 anatomic dissections. At the time of abdominal 
exploration, total mobilization of the colon from 
cecum to sigmoid provides the opportunity for transil- 
lumination of the mesentery and direct inspection 


TABLE 6. Complications after Discharge from the Hospital 


Number of 
Complication Patients 
Proximal anastomotic stricture 8 
Late small bowel obstruction 3 
Distal anastomotic stricture l 
Colon redundancy l 
Esophageal mucocele l 


Vol. 192 e No. 6 


of the arterial conformation. Particular care is paid to 
the position of the colon as it is passed cephalad for 
cervical esophageal anastomosis. The colon mesentery 
is allowed to lie to the left. Minimal twisting or torsion 
can interfere with venous return. If arterial bleeding 
is not visible as the proximal anastomosis is ac- 
complished, one should consider a delayed ‘‘second 
look" at the cervical anastomosis 24 hours after 
operation. 

Important details the surgeon should consider in- 
clude a) barium enema after arteriography and/or 
colonoscopy in the older candidates for bypass, to 
search for contraindicating colon lesions such as tumor 
or diverticulitis, b) preoperative preparation of the 
colon either with no-residue oral diets or intravenous 
hyperalimentation and c) restoration of positive 
nitrogen balance before surgery if the patient is mal- 
nourished. Broad-spectrum antibiotics have been 
administered preoperatively, during surgery, and for 
an average of five days after bypass operations. The 
surgeon should look for postoperative gastric de- 
compression. Both the gastrostomy catheter and a 
nasogastric tube, directed through the proximal 
anastomosis, should be placed on suction. When the 
anterior mediastinal route is used for bypass an im- 
mediate postoperative chest radiograph should be 
taken in order to exclude or treat an unsuspected 
pneumothorax. 

Perhaps the most valuable information derived from 
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this report is the apparent durability of colon when 
used as a functional replacement for the esophagus. 
Sixty-eight of the 100 patients were no longer alive 
at the time of follow-up. In the other 32 patients, 21 
had normal function of the colon ‘‘esophagus’”’ for five 
years or more. There were no late vascular occlusions 
in this group. The substitute esophagus is easily in- 
spected, both by barium contrast study recorded on 
videotape and by flexible endoscopic examination. 


Conclusions 


The cornerstone of success in using the colon to 
replace the esophagus lies in careful attention to 
mesenteric arterial blood supply and intraoperative 
technique. The colon is both a functional and durable 
substitute for the esophagus. 
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Liver Injury Following Jejunoileal Bypass 


Are There Markers? 


SALAH M. NASRALLAH, M.D., CHARLES E. WILLS, JR., M.D., JOHN T. GALAMBOS, M.D. 


Ninety-five of 105 patients who underwent jejunoileal bypass 
had preoperative and at least one set of postoperative liver 
tests and liver biopsy within 18 months of surgery. There were 
numerous and, at times, impressive histologic or biochemical 
abnormalities in obese patients who were not operated. 
No correlation was found between postoperative liver injury 
and the preoperative concentration of serum albumin or 
SGOT, or with the certain histologic lesions (steatosis, lobular 
necrosis or inflammation). However, the preoperative peri- 
cellular fibrosis persisted or progressed in eight of 11 of the 
patients. The rate of postoperative weight loss did not seem to 
influence liver morphology but the initial velocity of weight 
loss could not be determined in this study. Liver biopsy 
specimens demonstrated a trend for greater postoperative 
decreases of serum albumin concentrations (p — 0.05) in those 
patients who developed more severe lesions. This study 
failed to demonstrate the presence of preoperative histo- 
logic or biochemical markers that could reliably predict the 
development of liver injury following jejunoileal bypass. The 
only exception was pericellular fibrosis, which was found 
in the preoperative liver biopsy specimens. Pericellular 
fibrosis is probably a risk factor for lobular fibrosis after 
jejunoileal bypass surgery in obese patients. 


L IVER INJURY IS a well recognized complication of 
jejunoileal bypass surgery. While fatty liver is a 
common finding in obese patients,' ? lobular (al- 
coholic-like) hepatitis is more frequently a postbypass 
complication. This hepatic injury may lead to fibrosis, 
cirrhosis and death.* ^ The presence of pericellular 
fibrosis around the terminal liver venule has been 
implicated as a marker for cirrhosis after bypass 
surgery? and in the alcoholic patient.?'? No other 
markers were claimed to identify obese patients who 
are likely to develop postoperative fibrosis and 
cirrhosis. No correlation has been found between 
the conventional liver tests and hepatic morphology.'' ^? 

In this report the preoperative liver histopathology, 
liver tests, postoperative weight loss and change in 
serum albumin levels are correlated with the post- 
operative morphologic changes (Table 1). 
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Methods 


Data for 105 private patients of a surgeon (CW), 
were available for this study. Liver tests and liver 
biopsies were performed preoperatively and within 
18 months of 14-4 inch end-to-side jejunoileal bypass 
surgery. Table 1 summarizes the various histologic 
and biochemical parameters and their relationships 
to postoperative histopathology. 

The liver biopsy specimens were examined by one 
observer (JTG). Sets of 20—30 coded slides were 
examined at one time; necrosis, inflammation, and 
fibrosis were graded on a scale of 0—3 (none, mild, 
moderate, severe). The criteria for the diagnosis of 
lobular hepatitis, fatty liver, and fibrosis were described 
previously.'? Briefly, lobular (alcoholic-like) hepatitis 
was diagnosed in the presence of moderate to severe 
focal necrosis or any degree of confluent necrosis and 
moderate to severe inflammation. Steatosis was diag- 
nosed when 33% or more of the hepatocytes con- 
tained fat. 

The effect of weight change was expressed as the 
per cent of preoperative weight loss during the 18- 
month period of evaluation. Weight change was also 


TABLE 1. Parameters Evaluated 


Preoperative Postoperative 


SGOT = 60 Per cent change of serum albu- 
SGOT < 60 min concentration 
Serum albumin concentration Rate of change of serum albu- 
Steatosis min concentration 
Lobular (alcoholic-like) Rate of change of weight 
hepatitis Lobular (alcoholic-like) 

Fibrosis hepatitis 

Steatosis 

Fibrosis 
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* TABLE 2. Correlation of Preoperative Morphologic Factors 
with Weight and Serum Albumin Concentration* 


Preoperative 


Morphologic Serum 
Factors Weight (Ib) Albumin (g/dl) 

Normal 258 + 44 4.3 + 0.5 
Steatosis 280 + 61 45% 0.5 
Lobular (alcoholic- 

like) hepatitis 264 + 63 4.3 + 0.4 
Fibrosis 333 = 105 4,5 = 0.7 
All groups 269 + 61 4.3 + 0.5 

* Mean + SD. 


computed in terms of the per cent of weight loss per 
day. Similarly, the change in the serum albumin 
concentration was expressed as the per cent of de- 
crease over the follow-up period and as the per cent 
of serum albumin change per day. — 

Alcoholic patients and those patients with a history 
of regular (daily) alcohol consumption were excluded 
as surgical candidates. To exclude alcahol as a factor 
in the preoperative morphologic changes, the subjects 
were grouped into social drinkers and nondrinkers 
and the prevalence of histopathologic changes evalu- 
ated in each group. 

Comparison of the results between the various 
groups was made by analysis of variance and the 
Students’ t-test. 


Results 


The preoperative weight of all patients was 269 + 61 
pounds (mean + SD). There was no significant dif- 
ference in the mean initial weights among the groups 
of patients with normal and abnormal preoperative 
liver biopsy specimens (Table 2). The mean pre- 
operative serum albumin level was 4.3 + 0.5 g/dl 
(Table 2). 

The preoperative liver biopsy specimens of 95 pa- 
tients showed significant steatosis (grade 2-3) in 
18.9% of the patients and lobular hepatitis in 14.7% 
of the patients (Table 3). When the prevalence of pre- 
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operative liver injury was evaluated in the two groups 
of patients with histories of social drinking and non- 
drinking, there was no significant difference in the 
prevalences of steatosis or lobular hepatitis between 
the two groups (Table 4). 

The pre- and postoperative morphologic changes 
are listed in Tables 3 and 5. There was no signifi- 
cant correlation between the postoperative change in 
liver tissue and the initial diagnosis (Table 3) or 
morphologic lesion (Table 5). For example, post- 
operative lobular hepatitis occurred with similar 
frequencies in those patients whose preoperative 
biopsy specimens showed normal liver, steatosis, and 
lobular hepatitis. However, because only 14 patients 
had lobular hepatitis demonstrated by the preopera- 
tive biopsy specimen, a type B error cannot be 
excluded. 

There was no correlation (0.1 < p < 0.2) between 
the postoperative histologic abnormalities and the rate 
or per cent of weight loss in the 88 subjects for whom 
such data were available (Table 6). Even when the 
weight loss was calculated separately nine and 18 
months after operation, there was no significant dif- 
ference between the groups with various postoperative 
histologic abnormalities at either time interval (Table 
7). Also, in the 82 patients in whose cases serial al- 
bumin levels were determined, there was a lack of 
correlation (0.1 < p < 0.2) between the postoperative 
morphologic abnormalities and the rate of decline 
of serum albumin concentrations (Table 8). However, 
the postoperative morphologic injuries in the group of 
patients with normal preoperative biopsy specimens 
tended to be more severe in those patients with greater 
declines in serum albumin concentrations (p < 0.05). 

The preoperative level of SGOT (Table 5) did not 
correlate with postoperative morphologic changes. 
Although more patients who had SGOT greater than 
60 U/L developed fibrosis, this was not statistically 
significant. 

Of 11 patients who had lobular fibrosis preopera- 
tively, it persisted or progressed in eight (Table 5). 


TABLE 3. Correlation of Preoperative Morphologic Factors with Postoperative Changes 





Per Cent Postoperative Distribution 





Lobular 
Preoperative ( Alcoholic- 
Morphologic like) 
Factors Normal Steatosis Hepatitis Fibrosis 
Normal 62.1 (59) 20.3 (12) 35.6 (21) 27.1 (16) 16.9 (10) 
Steatosis 18.9 (18) 5.6 (1) 38.9 (7) 44.4 (8) 11.1 (2) 
Lobular (alcoholic- 
like) hepatitis 14.7 (14) 0 57.1 (8) 28.6 (4) 14.3 (2) 
Other* 4.2 (4) 0 0 0 (4) 





Numbers in parentheses indicate numbers of patients. 


* Moderate to severe lobular and portal fibrosis. 
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TABLE 4. Correlation of Preoperative Histopathologic Factors 
with Alcohol Intake 


Lobular 
Drink (Alcoholic- 
Alcohol like) 
Socially Number Normal  Steatosis Hepatitis Fibrosis 
Yes 32 65.6 15.6 12.5 6.3 
(21) (5) (4) (2) 
No 50 58.0 24.0 14.0 4.0 
(29) (12) (7) (2) 
No data 13 69.2 7.7 23.4 0 
(9) (1) (3) 
Total 95 62.1 18.9 14.7 4.2 


(59) (18) (14) (4) 
Numbers in parentheses indicate numbers of patients. 


Discussion 


Liver injury after jejunoileal bypass has been well 
documented. The various mechanisms implicated in its 
pathogenesis include nutritional deficiency,'*~'* ab- 
sorption of excessive quantities of lithocholic acid,?:19:20 
and production of undefined toxic substances in the 
excluded segment.?'?? 

In this study an attempt was made to find markers 
that can identify those patients who will develop post- 
operative liver injury. 

The occurrence of postoperative lobular hepatitis in 
26% of the patients who had normal preoperative 
biopsy specimens and 2896 of the patients who had 
lobular hepatitis demonstrated by preoperative biopsy 
specimens (Table 3) indicated that the preoperative 
presence of mild to moderate lobular hepatitis does not 
predispose the patient to more severe postoperative 
liver injury. Or, due to sampling error, the preoperative 
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liver biopsy could have missed milder forms of lobular* 
hepatitis. On the other hand, the preoperative peri- 
cellular (subsinusoidal) fibrosis persisted or progressed 
in 73% of 11 liver biopsy specimens postoperatively. 


The presence of such a finding should be considereda 7 


risk factor in selecting patients for surgery. 

This observation and our previous findings on al- 
coholic liver injury support the observations of 
Marrubbio et al.* that the preoperative pericellular 
fibrosis persists or progresses, postoperatively, to 
cirrhosis in over half the patients. 

Neither preoperative steatosis nor focal necrosis and 
inflammation seemed to identify the patients who 
developed more severe postoperative liver injuries. 
Even though nutritional factors may play a role in the * 
pathogenesis of postoperative liver injury, neither the 
absolute nor the rate of weight loss correlated sig- 
nificantly with diagnosis after postoperative biopsy. 
Whether the initial velocity of weight loss differed 


from that observed 9—18 months after operation, y 


and could have affected liver histopathology, cannot 
be determined from this study. Nevertheless, these 
observations are in concert with anecdotal experience 
with patients who showed severe tissue disease despite 
little, if any, active weight loss. Similar histopathologic 
changes in obese subjects who did not undergo 
operation have recently been described.? 

This study failed to demonstrate that the SGOT level, 
the degree of weight loss, the decline in the serum 
albumin level, the degree of steatosis, focal necrosis, 
or inflammation could predict what patients will 
develop liver injury. The postoperative decrease in 
the serum albumin concentration was most likely the 
result of the liver injury. 


TABLE 5. Correlation of Preoperative Histopathologic Factors and SGOT with Postoperative Morphologic Factors 





Preoperative Finding 


Per Cent Postoperative Distribution 








Lobular 
Number ( Alcoholic- 
of like) 

Finding Patients Degree Normal Steatosis Hepatitis Fibrosis 

Fat (65) 0-1 18.5 (12) 36:9 (24) 26.2 (17) 18.5 (12) 

Fat (30) 2-3 3:3 (1) 40.0 (12) 36.7 (11) 20.0 (6) 

L Nec F (80) 0-1 16.2 (13) 35.0 (28) 30.0 (24) 18.7 (15) 

L Nec F (15) 2-3 0 53.3 (8) 26.7 (4) 20.0 (3) 

L PMN (90) 0-1 14.4 (13) 36.7 (33) 31.1 (28) 17.8 (16) 

L PMN (5) 2-3 0 (3) — (2) 

L Nec D (93) 0 14.0 (13) 38.7 (36) 30.1 (28) 17.2 (16) 

L Nec D (2) 2-3 — — — (2) 

L Fib (84) 0 15.5 (13) 40.5 (34) 32. EOD 11.9 (10) 

L Fib (11) 1 (0) (2) (1) 72.7 (8) 

SGOT (76) <60 15.8 (12) 39.5 (30) 28.9 (22) 15.8 (12) 
g SGOT (19) >60 5.3 (1) 31.6 (6) 31.6 (6) 31.6 (6) 


———————————————————————— ———— «—— — a i i gt 
Numbers in parentheses indicate numbers of patients. PMN - polymorphonuclear cells, F — fibrosis. 
Key: L = lobular, Nec = necrosis, F = focal, D = diffuse, 
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LIVER INJURY 


TABLE 6. Correlation of Postoperative Weight Loss 
and Morphologic Factors 


Preoperative 
Morphology 


Normal 


Steatosis 


Lobular (alcoholic- 
like) hepatitis 


Per cent/rate of 
weight loss 
Mean 
SD 


* Numbers in parentheses indicate numbers of patients. 


Normal 


21.7/.09 
(12) 


35.94.11 
(1) 


0 
(0) 


22.7/.09 
9.6/.06 


Steatosis 


21.0/.09 
(19) 


26.9/.12 
(7) 


24.5/.09 
(8) 


23.1/.10 
11.7/.05 


Postoperative Distribution* 


Lobular 


(Alcoholic- 


like) 


Hepatitis 


28.2/.12 
(16) 


15.7/.09 
(7) 


32.7/.10 
(4) 


r a a | ae T 
10.1/.05 


Fibrosis 


26.3/.09 
(10) 


22.7/.06 
(2) 


17.4/.15 
(2) 


24.5/.09 
5.4/.04 


TABLE 7. Correlation of the Rate of Weight Loss with Time* 


Postoperative 
Diagnosis 


Normal 
Steatosis 


Lobular (alcoholic- 


like) hepatitis 
Fibrosis 


* Rate of weight loss is expressed as per cent weight lost per day. 


9 Months 


18 Months 


0.06 
0.07 


0.08 
0.07 


TABLE 8. Correlation of Postoperative Per Cent Serum 


Albumin Change and Morphologic Factors 


Preoperative 
Morphologic 
Factors 


Normal 


Steatosis 


Lobular (alcoholic- 
like) hepatitis 


Per cent rate of 
decline in 
serum albumin 
concentration 

Mean 
SD 


* Numbers in parentheses indicate numbers of patients. 


Normal 


5.3/0 
(8) 


21.4/.06 
(1) 


0 
(0) 


7.1/0 
13.7/.03 


Steatosis 


7.4/.06 
(21) 


20.8/.13 
(7) 


15.4/.04 
(8) 


11.8/.06 
20.9/.12 


Postoperative Distribution* 


Lobular 


( Alcoholic- 


like) 


Hepatitis 


19.9/.09 
(14) 


6.1/.09 
(7) 


0 
(4) 


12.9/.07 
16.3/.09 


Fibrosis 
16.7/.07 
(9) 


25.8/.07 
(1) 


8.2/.12 
(2) 


16.9/.09 
14.2/.07 


l. 
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Selection of Operative Procedure for Adenocarcinoma 


of the Midstomach 


Twenty Years' Experience with Implications for Future Treatment Strategy 


MAN H. SHIU, M.D., F.A.C.S., DIMITRI N. PAPACRISTOU, M.D., F.R.C.S. (C), CYNTHIA KOSLOFF, M.S., 


GEORGE ELIOPOULOS, M.D., PH.D. 


Pathoanatomic studies of the regional spread of adenocar- 
cinoma of the middle one-third of the stomach suggested 
the need for extensive gastric and lymphatic resection. To seek 
evidence of improved results, a retrospective study was made 
of 213 patients curatively treated by three commonly used 
procedures: 1) radical high subtotal gastrectomy (SG, n = 39), 
2) radical total gastrectomy (TG, n = 48), and 3) extended 
total gastrectomy (ETG, n — 126). The overall five-year sur- 
vival rates were SG:10%, TG:16%, and ETG:19%. Advanced 
stage tumors (N2, N3, or MI) were highly lethal, irrespective 
of the type of resection. However, patients with early stage 
tumors (T1-4, NO or N1) showed higher survival rates 
after more extensive resections (ETG:42% and TG: six of eight 
patients, versus SG:17%). The highest survival rate (93%) 
was observed in a subset of patients with early stage tumors 
electively treated by ETG; this was achieved despite the 
presence of metastasis to the juxtagastric (NI) lymph nodes 
or direct invasion of an adjacent organ in most of these pa- 
tients. These observations confirm the merit of extensive 
resection for carcinoma of the midstomach. 


NLIKE TUMORS OF THE prepyloric or cardiac re- 
U gions of the stomach, which tend to cause obstruc- 
tive symptoms early in the disease process, adenocar- 
cinomas of the midstomach are often not diagnosed 
until the tumor has become bulky and metastases to the 
regional lymph nodes have occurred. The surgeon con- 
fronted with such a neoplasm, which is mobile and 
apparently resectable, must decide on an appropriate 
type of resection which will encompass all gross and 
microscopic areas of disease in the stomach and its 
Iymphatic drainage field. The three types of commonly 
performed gastric resections for such a tumor are 1) 
high radical subtotal gastrectomy, 2) radical total 
gastrectomy, and 3) extended total gastrectomy with 
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en bloc distal pancreatectomy and splenectomy 
(Fig. 1). Most surgeons favor the use of high subtotal 
gastrectomy because of its technical simplicity, re- 
serving the other procedures for lesions of the proxi- 
mal stomach.?^ 9*!^ Others advocate extended total 
gastrectomy for most tumors of the midstomach, re- 
gardless of its size or anatomic extent.^!^!21?:* An 
extended version of high distal subtotal gastrectomy 
with en bloc distal pancreatectomy and splenectomy 
is feasible but seldom practiced.'® 

Although these surgical procedures have been per- 
formed for many years, little information is avail- 
able in the literature with which one can compare, in 
a meaningful way, the efficacy of each procedure in 
terms of the extent of the disease. This constitutes , 
one of the many problems in the treatment of gastric — 
cancer which may require solution by conducting a 
prospective, randomized, clinical trial.'^ There is, 
however, considerable theoretical basis for believing 
that the extended total gastrectomy can better satisfy 
the basic tenets of a curative cancer operation, namely, 
resection of the primary lesion with a wide margin, 
and en bloc removal of those lymph nodes and lym- 
phatic channels most likely to harbor metastatic de- 
posits. Thus for the typical tumor of the midstomach, 
which is large and infiltrative, total gastrectomy is 
the best assurance of adequate proximal and distal 
margins of resection. Also, pathoanatomic studies!*"!9 
have demonstrated that carcinomas of the midstomach 
may metastasize to all of the regional lymph node 
basins of the stomach — including those of the juxta- 
pyloric area, along the superior border of the pan- 
creas, and at the hilum of the spleen (Fig. 2). These 


0003-4932/80/1200/0730 $00.90 € J. B. Lippincott Company 


` 730 


Ann. Surg. e December 1980 


Fic. 1. The three types of 
gastric resection commonly 
performed for carcinoma of 
the midstomach: (1) radical 
high distal subtotal gas- 
trectomy, (2) radical total 
gastrectomy, with splenec- 
tomy, and (3) extended total 
gastrectomy, with en bloc 
distal pancreatectomy and 
splenectomy. 


1. High Distal Subtotal Gastrectomy 


nodal areas are conveniently encompassed by en bloc 
distal pancreatectomy with splenectomy, but are partly 
omitted in the standard high distal, subtotal, or total 
gastrectomy procedures. Despite the theoretical merit 
of the extended total gastrectomy, convincing data in 
the form of better survival rates are lacking, so that 
most surgeons continue to offer the lesser procedures, 
which carry lower morbidity rates, to patients who 
have resectable tumors of the midstomach. 

The purpose of this study is to retrospectively 
examine and compare the curative efficacies of the 
three types of gastric resections performed for adeno- 
carcinoma of the midstomach at our institution over a 
20-year period. The surgical procedures varied ac- 
cording to the operative findings, according to the prefer- 
ence of the individual surgeons, and according to 
changes in the prevailing policy or surgical philosophy 
during the long period of study. In order to minimize 
bias intrinsic to retrospective nonrandomized studies, 
comparisons were made according to the extent of 
disease as indicated by tumor node metastasis (TNM) 
stage, tumor size, and the presence or absence of tumor 
invasion of adjacent organs. Based on the observations 
made in this study, a proposal is made for future 
treatment strategy and prospective clinical trials in the 
management of resectable cancer of the midstomach. 


Materials and Method 
Clinical Material 


The medical records of patients who underwent 
surgical resection for adenocarcinoma of the middle 
one-third of the stomach from 1955 to 1975 at Memorial 
Sloan-Kettering Cancer Center were reviewed. The 
criteria for acceptance into the study were as follows: 
1) that gastric resection was performed with curative 
intent, and 2) that adjuvant chemotherapy, radiation 
therapy, or immunotherapy was not used. 3) Patients 
who developed gastric cancer after previous gastrec- 
tomy or gastrojejunostomy for benign conditions were 


ADENOCARCINOMA OF THE GASTRIC CORPUS 





2. Total Gastrectomy 


3. Extended Total Gastrectomy 


excluded from the study. Two hundred thirteen cases 
satisfied these criteria and formed the subject of 
this study. 


Surgical Technique 


Details of the three surgical procedures used in this 
study have been presented previously.'°:'*:'4 High distal 
subtotal gastrectomy (performed on 39 patients) en- 
tailed transection of the stomach near the cardia, re- 
moval of the organ except for a cuff of fundus, ex- 
cision of the first part of the duodenum and both 
omenta, as well as en bloc removal of the lymph nodes 
in the hepatoduodenal ligament (around the hepatic 
artery and left gastric artery) with ligation of the 
latter at its origin.'? Total gastrectomy (performed on 
48 patients) included removal of the entire stomach, 
abdominal esophagus, first part of duodenum, both 
omenta, and spleen, and the dissection of the lymph 
nodes along the hepatic and left gastric arteries. Ex- 
tended total gastrectomy (performed on 126 patients) 
meant that in addition to the structures resected at 





Fic. 2. The frequencies of metastases in the various regional 
lymph node groups from adenocarcinoma of the midstomach 
(modified after McNeer and Pack 13). 
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TABLE 1. TNM Classification of Stomach Neoplasms 
by the American Joint Committee, 1978 


Primary tumor (T) 
Tl: tumor limited to mucosa or mucosa and submucosa 
T2: tumor involves mucosa, submucosa, muscle, and extends to 
or into serosa, but does not penetrate serosa 
T3: tumor penetrates through the serosa without invading con- 
tiguous structures. 
T4: tumor invades adjacent contiguous structures 


Nodal involvement (N) 

NO: no metastases to regional lymph nodes 

NI: involvement of perigastric lymph nodes within 3 cm of pri- 
mary tumor along the lesser or greater curvature 

N2: involvement of regional lymph nodes more than 3 cm from 
primary tumor which are removable at operation, including 
those along the left gastric, splenic, celiac, and common 
hepatic arteries 

N3: involvement of other intra-abdominal lymph nodes such as 
the para-aortic, hepatoduodenal, retropancreatic and mes- 
enteric nodes. 


Distant metastasis (M) 
MO: No known distant metastasis 
MI: distant metastasis present. 


total gastrectomy, the body and tail of the pancreas 
were removed en bloc, the splenic and left gastric 
arteries were ligated at their origins, and the celiac 
lymph nodes were completely dissected. 

The two more extensive procedures, total and ex- 
tended total gastrectomy, were also retrospectively 
categorized as either elective or obligatory. An ob- 
ligatory procedure was performed when the surgeon 
had no choice but to resort to the more extensive 
procedure (for example, high extension of disease near 
the cardia which necessitated total gastrectomy, or 
fixation of tumor to the pancreas which required its 
removal by the extended radical procedure). The pro- 
cedure was categorized as elective when the surgeon 
could have chosen a procedure of lesser magnitude, 
but a more extensive operation was performed for 
better margins or lymphatic clearance. 


Evaluation of Extent of Disease 


The extent of the primary neoplasm in the stomach 
wall and the presence and absence of metastases in the 


Ann. Surg. e December 1980 


regional lymph nodes were determined in each case. 
by review of the operative and pathology reports. This 
information was used to classify the neoplasms ac- 
cording to the TNM Staging System (Table 1) adopted 
by the American Joint Committee on Tumor Staging 
and End Results Reporting. ! 


Statistical Analysis 


Survival curves were plotted by means of the 
Kaplan-Meier Method.? Deaths that occurred within 
the first month after operation or while the patient 
was in the hospital were regarded as deaths from 
the disease. The log rank test! was used to com- 
pute the statistical significance of differences in the 
survival rates of various groups of patients. The chi " 
square test was employed in analyzing the statistical 
significance of other observations. 


Results 


Of the 213 patients studied, 39 patients underwent 
high distal subtotal gastrectomy, 48 patients under- 
went total gastrectomy, and 126 patients underwent 
extended total gastrectomy. 


TNM Stage 


The TNM Staging scheme is summarized in Table 1. 
For purposes of comparison, the patients were sepa- 
rated into an early-stage group (consisting of those 
patients in whom the disease was limited to the primary 
tumor [T1—4 NOMO], or primary tumor with metastases 
to the immediately adjacent lymph nodes [T1—4 N1 M0]) 
and an advanced-stage group (comprising patients 
in whom tumors had metastasized to remote lymph 
node basins [T1—4 N2-3 MO] or distant sites [T1—4 
N0-3 MIJ). The latter subset of MI tumors were those 
in patients in whom the presence of minimal distant 
metastatic disease was not recognized until after re- 
section with curative intent had been performed. The 
frequencies of early- and advanced-stage tumors in this 


TABLE 2. Distribution of Tumors According to TNM Stage and Type of Resection 





Early-stage Tumors 


Advanced-stage Tumors 





All MI 

T1-4 NO T1-4 NI T1-4 N2-3 Cases Total 

High distal subtotal gastrectomy 6 6 15 12 39 
Total gastrectomy 6 2 25 15 48 
(elective cases only) (2) (1) (8) (4) (15) 
Extended total gastrectomy 15 21 77 13 126 
(elective cases only) (5) (8) (20) (2) (35) 
All cases 27 29 117 40 213 


(27%) (73%) (100%) 
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. TABLE 3. Median Size of Tumors (Maximum Diameter in Centimeters) According to TNM Stage and Type of Resection 


eee 


Advanced Stage Tumors 


Early Stage Tumors 


T1-4 NO 


High distal subtotal gastrectomy St 
Total gastrectomy 5.5 
Extended total gastrectomy 10 
(elective cases only) (8.5)7 
All cases 73 


All M1 All 
T1-4 NI T1-4 N2-3 Cases Stages 
6t 6.5 8 6.5* 
11 8 9 8 
9 10 8 9.5" 
(10)* (9.5) (8) (9.5) 
8.5 8 8 8 


eee 


* p < 0.085. 


study are recorded in Table 2 according to the type 
of operative procedure performed. The advanced-stage 
tumors (73%) more than doubled the number of early- 
stage tumors (27%). The distributions of the three types 
of resection were quite similar within the two groups. 
Thus the ratio of subtotal gastrectomy to extended 
total gastrectomy was approximately 1:3 for both early- 
and advanced-stage tumors. 


Tumor Size 


The median size of the tumors, as measured by the 
maximum diameter in centimeters is listed in Table 3 
according to the TNM stage groups and the type of 
surgical resection. The median size of the tumors 
showed little difference among the TNM stage groups, 
but showed a remarkable difference according to the 
type of operation performed. The smaller tumors 
(median size: 6.5 cm) tended to be managed by high 
distal subtotal gastrectomy, while the larger tumors 
(median size: 9.5 cm) were managed by extended total 
gastrectomy (p < 0.05). This tendency toward a lesser 
procedure for smaller neoplasms and a more extensive 
procedure for larger neoplasms was most noticeable 
in the early-stage group, in which the median tumor 
sizes were 5—6 cm for high subtotal gastrectomy as 
compared with 9— 10 cm for extended total gastrectomy 
or 8.5—10 cm for elective extended total gastrectomy. 
As will be seen later, this has an important bearing 
on the interpretation of the curative efficacies of the 
various operative procedures. No statistically signifi- 
cant differences were found in tumor sizes between 


t p < 0.05. 


total and extended total gastrectomy, or between any 
of the procedures when only advanced-stage tumors 
were compared. 


Invasion of Adjacent Organs 


In 49 of the 213 patients studied (23%) the primary 
tumor had invaded organs adjacent to the stomach 
(Table 4). En bloc removal of portions of these organs, 
such as liver, intestine or kidney, was performed with 
gastric resection, and subsequent microscopic exami- 
nation ofthe resected specimen confirmed the presence 
of direct carcinoma invasion. Such invasions were 
more commonly encountered in patients who under- 
went extended total (24% of the patients) or total 
gastrectomy (27% of the patients) than in those 
managed with high distal subtotal gastrectomy (15% 
of the patients), but the difference was not statistically 
significant. The preponderance of tumors showing 
adjacent organ invasion was even more discernible 
with elective extended total gastrectomy (3/13, or 
23% of the patients) performed for early-stage lesions, 
as compared with distal subtotal gastrectomy (1/12, 
or 8% of the patients), even though the difference 
did not achieve statistical significance because of the 
small number of patients. 


Survival after Resection 


The five-year survival rates (Kaplan-Meier) for all 
TNM stages were 10% after high distal subtotal gastrec- 
tomy, 16% after total gastrectomy, and 19% after ex- 
tended total gastrectomy. Figure 3 shows the respective 


TABLE 4. Frequency of Direct Invasion of Adjacent Organs According to TNM Stage and Type of Resection 


Early-stage Tumors* 


High distal subtotal gastrectomy 1/12 (8%) 
Total gastrectomy 4/8 (50%) 
Extended total gastrectomy 5/36 (14%) 
(elective cases only) (3/13, 23%) 
All cases 10/56 (18%) 


* See Table 2 for explanation. 


Advanced-stage Tumors* Total All Stages 
5/27 (18%) 
9/40 (24%) 

25/90 (28%) 
(5/22, 23%) 

39/157 (25%) 


6/39 (15%) 
13/48 (27%) 
30/126 (24%) 
(8/35, 23%) 
49/213 (23%) 
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PROPORTION SURVIVING 


0.00 
O 36 72 108 


o Distal Subtotal Gastrectomy 
a Total Gastrectomy 
x Extended Total Gastrectomy 


LOG-RANK TEST: - N.S. 


Fic. 3. Survival curves of 
patients after treatment by 
the three types of gastric re- 
section: all TNM groups com, 
bined. 


144 180 216 


MONTHS FROM SURGERY TO DEATH 


survival curves, which overlap considerably, and 
in which no statistically significant difference could 
be discerned. Examination of the survival data by the 
TNM classification indicated, however, that almost all 
of the patients who had advanced-stage tumors died; 
only six of the 157 patients survived for five years 
or more (three patients died after extended total 
gastrectomies, two patients died after distal subtotal 
gastrectomies, and one patient died after total gastrec- 
tomy). The large number of advanced-stage tumors 
with unfavorable outcomes suggested that the be- 
havior of the smaller number of early stage tumors 
may have been overshadowed. A separate analysis of 
these cases was therefore peformed. 

Figure 4 depicts the survival curves of the patients 
with early-stage tumors (T1-4 NO MO and T1-4 
N1 MO) according to the type of resection per- 
formed. Remarkable differences in survival rates were 
noted. Patients treated by distal subtotal gastrectomy 
had a very low five-year survival rate (2/12, or 17% of 
the patients) as compared with those treated by total 
gastrectomy (six of eight patients) and the much 
` higher survival rate after extended total gastrectomy 
(15/36, or 42% of the patients). The superior curative 
. potential of a more extensive resection became even 
more evident when patients who underwent elective 


extended total gastrectomy for early-stage tumors were 
compared with similarly staged patients treated by sub- 
total gastrectomy (Fig. 5). As indicated earlier, these 
patients’ tumors could, according to retrospective 
review of the pathology and operative records, have 
been managed by high distal subtotal gastrectomy, 
but the attending surgeons elected to apply the ex- . 
tended radical procedure. Also, as recorded above, 
the proportion of these patients’ tumors that manifested 
unfavorable characteristics, such as the large size and 
invasion of adjacent organs, far exceeded that of 
patients with similarly staged tumors treated by high 
subtotal gastrectomy. Nonetheless, the patients treated 
by extended total gastrectomy showed a remarkably 
higher survival rate of 93% (11/13 patients) at five years, 
as compared with a 17% (2/12 patients) survival rate 
for the patients treated by high subtotal gastrectomy. 
This difference in survival distribution is statistically 
significant (p < 0.01). 


Local Tumor Recurrence 


Recurrence of the stomach tumor was confirmed 
by barium roentgenograms, reoperation, or autopsy 
in 39 of the 169 patients (23%) who survived the 
surgical procedure. The recurrence rates for the three 
types of resections were: high distal subtotal gastrec- 
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Fic. 4. Survival curves of pa- 
tients after treatment by the 
three types of gastric resection: 
early TNM stage tumors only. 
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tomy — 2946 (10/34 patients), total gastrectomy —35% 
(13/37 patients), and extended total gastrectomy — 16% 
(16/98 patients). The lowest local recurrence rate was 
therefore achieved with the extended total gastrectomy, 
which showed a statistically significant difference when 
compared with total gastrectomy (p < 0.05). 
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Operative Mortality Rutes 


Forty four patients died of the surgical procedure, 
giving an overall operative mortality rate of 2176. High 
distal subtotal gastrectomy showed a lower mortality 
rate (13%) compared with total (23%) or extended 
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total (22%) gastrectomy. However, these differences 
were not statistically significant. Most ofthe deaths that 
occurred because of the operation were in the first 
15 years of the study period. During the last five years 
of the study (1970—1975), the operative mortality 
rate dropped to 8% (3/36 patients). | 


Discussion 


Although carcinoma of the stomach is decreasing 
in incidence in many western countries, it still ranks 
high in the list of major causes of death from carcinoma 
in the United States, and continues to be a major health 
problem in countries such as Japan, Chile, and Iceland 
where the disease is much more prevalent. Except in 
countries where mass screening programs are con- 
ducted for the early diagnosis of gastric carcinoma, these 
tumors continue to present clinically at a late stage 
of the disease. This is particularly so with carcinomas 
of the midstomach, which are less prone to develop 
early symptoms due to obstruction and hemorrhage. 
As indicated in the present study, many of these tumors 
are large and show signs of advanced local invasion 
or lymphatic spread. Yet, in the absence of detectable 
distant metastases, many ofthese neoplasms are totally 
resectable, and this is the only hope for long-term cure. 

The surgeon's dilemma in these cases is often how 
aggressive a stance to adopt in offering surgical resec- 
tion. Anatomically extensive resections are often 
necessary because of the position and bulkiness of the 
tumor, and the suspected or actual direct invasion of 
adjacent organ structures. Knowledge of the lymphatic 
drainage pathways of the midstomach, and the 
recorded frequencies of metastases to the various 
perigastric lymph node groups??? (including the juxta- 
pyloric lymph nodes, the paracardial lymph nodes, and 
the pancreaticolienal lymph nodes) also prompt the 
surgeon toward execution of an extensive regional 
lymphatic dissection. The decision to carry out such 
extensive surgical procedures must, of course, be 
tempered by consideration of the prospects of cure 
relative to the risk of operative complications and 
death. Such a decision has always been difficult be- 
cause even though the more aggressive gastric resec- 
tions (such as total radical gastrectomy or extended 
total gastrectomy with en bloc distal pancreatectomy) 
may have theoretical merit, the reported results in 
several series of patients have not shown any im- 
provement in survival and cure rates as compared with 
standard radical subtotal gastrectomy.” °* If anything, 

these extensive procedures were shown to have higher 
` operative morbidity and mortality rates. 

However, previous analyses of these experiences 
- have not given detailed consideration to the stages of 
the disease, as classified in the TNM scheme. As a 
result, any salutary effect in a small number of patients 
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with earlier stages of neoplasm may have been com- 
pletely obscured by the unfavorable outcome in a much 
larger number of patients who had advanced-stage 
tumors. This was found to be the case in the present 
study, in which the five-year survival rates, for all 
TNM stages combined, were almost identical after 
radical subtotal, total, and extended radical gas- 
trectomies (Fig. 2). However, for early-stage tumors 
in which disease was limited to the gastric wall 
and the immediately adjacent perigastric lymph nodes 
(T1-4 NO and T1-4 N1), a distinctly better five-year 
survival rate of 48% was achieved by radical total 
gastrectomy (6/8) and extended total gastrectomy 


(15/36), as compared with 17% (2/12) for radical sub-, 


total gastrectomy. The theoretical merit of extensive 
resection coupled with wide regional lymphadenec- 
tomy for early-stage disease is also borne out by the 
remarkable five-year survival rate of 93% achieved 
by elective extended total gastrectomy in 13 patients, 
in three of whom the tumor had invaded an adjacent 
organ, and in eight of whom the tumor had metastasized 
to the immediate juxtagastric (N 1) lymph nodes. These 
results suggest that submicroscopic deposits had been 
present within the wide expanse of vicera and lymphatic 
tissues resected by extended total gastrectomy, even 
though only limited disease was detected by histo- 
pathologic examination. 

Similar reasoning can be applied to explain the 
relative inefficacy of extensive resection procedures 
performed for more advanced cases of carcinoma of 
the midstomach. Only six of the 157 patients in the 
N2, N3 and MI tumor groups were saved by resections 
performed with curative intent in this series. It seems 
reasonable to assume that a majority of the patients 
with advanced-stage tumors already had clinically 
occult liver, distant lymphatic, or peritoneal foci of 
disease beyond the scope of even the most extensive 
procedure at the time of surgery. Extensive radical 
resection in this group of patients is difficult to justify 
unless some palliative objective can be accomplished, 
the risk of operative mortality can be lowered, and 
some form of adjuvant therapy can be offered to con- 
trol residual microscopic disease. The decision in a 
given case could be made much easier if, in the absence 
of obvious distant disease, a simple method for the 
intraoperative determination of the extent of nodal 
involvement (NO and N1 versus N2 and N3) could be 
applied. Unfortunately, extensive node sampling is 
tedious and often unhel»ful; it may also jeopardize 
the potentially curable patient because of the likeli- 
hood of tumor cell spillage. 

The operative mortality rate of 22% for patients who 
had extended total gastrectomies in this series is ex- 
cessive. However, many of these patients were treated 
during the earlier years of the period studied (1955— 


5 


a 


Vol. 192 e No. 6 


1970), and had died from hemorrhagic shock, cardio- 


pulmonary complications, and intra-abdominal sepsis. 
Today, with improved anesthetic techniques, innova- 
tions in the physiologic management of critically ill 
patients, modern antibiotics, and the feasibility of long- 
term parenteral nutritional support, death from opera- 
tive and postoperative complications due to these ex- 
tensive resections can be minimized. In fact, during 
the last five years of the period studied (1970— 1975), 
the operative mortality rate had dropped to 8%. 

The present study was not carried out with the ob- 
jective of establishing extended total gastrectomy as 
the best operative procedure for carcinoma of the 


emidstomach. Rather, it was done to obtain data and 


evidence in support of the need for a widely encom- 
passing organ and lymphatic field resection suggested 
by previous pathoanatomic studies.'?'? In this retro- 
spective study, such evidence was found by comparing 
extended total gastrectomy, radical total gastrectomy, 
and radical subtotal gastrectomy, which were the types 
of procedures chosen and performed during the study 
period at one institution. It must not be concluded, 
however, that similar or even superior results may not 
be achievable with other conceptually similar pro- 
cedures. For example, high distal subtotal gastrectomy, 
with resection of the distal pancreas and spleen, and 
regional lymphadenectomy had been suggested by 
Paulino'®; this would avoid the complications of total 
gastrectomy and the attendant risks of an esophageal 
anastomosis. Also, if extensive regional lymphadenec- 
tomy is the main objective, an obvious question is 
whether or not the distal pancreas must be resected 
even if it is not directly invaded, for the celiac and 
superior pancreatic lymph nodes can be dissected off 
the superior border of the pancreas and the splenic 
vessels. Omitting pancreatic resection can reduce the 
morbidity rate, since leakage of pancreatic fluid is asso- 
ciated with a high incidence of septic complications. 

If there is a need for a widely encompassing organ 
and lymphatic resection for carcinoma of the mid- 
stomach, as suggested by this study, the following 
clinical studies would be desirable to further define 
the optimal therapy for these tumors. From the surgical 
standpoint, a prospective randomized trial can be 
conducted of total gastrectomy versus high subtotal 
gastrectomy, combined in each case with regional 
lymphadenectomy and splenectomy. e lymph- 
adenectomy can be further studied by the omized 
performance of celiac and superior pancreatic nodal 
dissections with or without en bloc resection of the 
distal pancreas. From the standpoint of adjuvant 
therapy, all of these patients are justifiable candidates 
for clinical trial with the currently available modali- 
ties and regimens, so long as appropriate stratification 
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of the study design takes into account the extent of 
nodal disease (NO,N1,N2 and N3) so that any salutary 
effects in a subset of patients would not be masked 
by the overwhelming lack of efficacy with the others. 
Until these clinical trials are undertaken and the results 
reported, extended total gastrectomy with splenec- 
tomy, distal pancreatectomy and en bloc regional 
lymphatic dissection would seem to be the surgical 
procedure of choice for the curative treatment of most 
patients with adenocarcinoma of the midstomach. 
Good surgical judgment must dictate which individual 
patient would not be a good candidate for such a 
procedure. The histopathologic proof of advanced 
nodal involvement (N3) or the presence of con- 
comitant medical disease with poor physiologic status 
would be reasonable contraindications for operation. 
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Analysis of Twenty-three Plasma Proteins in Ascites 


The Depletion of Fibrinogen and Plasminogen 


J. MICHAEL HENDERSON, F.R.C.S., SIDNEY F. STEIN, M.D., MICHAEL KUTNER, PH.D., MARY-BETH WILES, M.D., 


JOSEPH D. ANSLEY, M.D., DANIEL RUDMAN, M.D. 


The concentrations of 23 plasma proteins were measured by 
radial immunodiffusion in the plasma and ascites of 17 pa- 
tients with cirrhosis and four patients with intraperitoneal malig- 
nancies, to learn whether there is a selectivity in the move- 
ment of proteins from plasma into ascites, analogous to that 
of proteinuria. Additionally, since some of the proteins are 
involved in coagulation, we hoped to clarify the coagulopathy 
frequently seen following peritoneovenous shunting of ascites. 
Analysis was by groups: group 1 consisted of nine patients 
with cirrhosis with an ascites-total protein content less than 
2.5 g/dl; group 2 consisted of eight patients with cirrhosis with 
ascites-total protein content greater than or equal to 2.5 g/dl; 
and group 3 consisted of four patients with malignant ascites. 
The ratio of the plasma concentration/ascites concentration 
([PI/[A]) for each protein was calculated for each patient. 
In each group the median [P]/[A] for each protein was plotted 
against the natural logarithm of its molecular weight (In MW). 
For 21 of the 23 proteins, [P]/[A] showed a close linear rela- 
tionship to In MW. Fibrogen and plasminogen showed sig- 
nificant (p — 0.0002) elevation above the regression line relat- 
ing [P]/[A] to In MW. This indicates depletion of fibrinogen 
and plasminogen in ascites. The ascites in group 1 showed 
moderate selectivity, defined as the slope of the regression 
line (1.59), while groups 2 and 3 were essentialy nonselective 
(0.35 and 0.50). Fibrin-split products were elevated in all 
ascites but not in plasma, indicating either fibrinolysis or 
fibrinogenolysis within the ascites. A normal ratio for pro- 
thrombin suggests fibrinogenolysis may be the dominant 
mechanism. Thus the coagulopathy induced by LeVeen 
valve insertion may be in part secondary to the infusion of 
plasmin or a plasminogen activator into the circulation. 


HYSICIANS HAVE LONG SOUGHT to distinguish be- 
P tween ascites of cirrhotic, malignant, cardiac, and 
inflammatory origins by measuring the protein content 
of the ascites. Paper electrophoretic techniques avail- 
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able in the 1950s did not identify individual proteins, 
except for albumin, but simply measured the al, o2, 
and y globulin fractions.!? The most useful of these 
fractions were the al, and o2 components, but none 
proved of specific diagnostic value.! 

Three reasons stimulated us to take a new look at 
the proteins in ascites. First, the generalization that 
patients with cirrhosis show a transudative type of 
ascites has been challenged, since up to 20% of the 
patients have ascites with high protein content.? Sec- 
ond, the frequent occurrence of coagulation dis- 
orders after peritoneovenous shunting by the LeVeen 
valve suggests an alteration of coagulation-related 
proteins in ascites.* ^ Finally, the radial immuno- 
diffusion (RID) method introduced in 1965 for quantify- 
ing individual proteins is ideally suited to such a 
study.* 

RID was applied to proteinuria in the 1960s.?7!! Ex- 
tent of glomerular damage could be assessed by 
measuring individual proteins of increasing molecular 
size in urine, and correlating the resulting information 
with the patient's renal histology and clinical course.!! 
The selectivity in movement of proteins from plasma 
to urine stimulated the question, does an analogous 
situation exist in ascites? 

The objectives of this study were first, to define the 
pattern of 23 individual proteins in ascitic fluid, and 
to determine whether these exhibit a selectivity based 
on molecular weight; and second, to identify specific 
changes in coagulation associated proteins, which 
might help explain the bleeding problems encountered 
following peritoneovenous shunting of ascites. 
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TABLE 1. The 21 Patients Studied by Diagnosis, Severity of Their Liver Disease 
Child's Grade", Management and Ascites-total Protein Content 
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Patient Diagnosis Age 
l Alcoholic cirrhosis 44 
2 Alcoholic cirrhosis 52 
3 Alcoholic cirrhosis 48 
4 Posthepatitic cirrhosis 73 
5 Alcoholic cirrhosis 55 
6 Alcoholic cirrhosis 45 
7 Alcoholic cirrhosis 60 
8 Posthepatitic cirrhosis 71 
9 Alcoholic cirrhosis 41 

e 10 Alcoholic cirrhosis 48 
11 Alcoholic cirrhosis 66 
12 Posthepatitic cirrhosis 48 
13 Alcoholic cirrhosis 56 
14 Alcoholic cirrhosis 65 
15 Alcoholic cirrhosis 51 
16 Alcoholic cirrhosis 64 
17 Alcoholic cirrhosis 64 
18 Adenocarcinoma 70 
19 Mesothelioma 61 
20 Malignant lymphoma 38 
21 Breast carcinoma 44 


Materials and Methods 
Human Subjects 


Normal subjects. Blood samples were drawn from 
six healthy volunteers (22-56 years of age) for RID 
analysis of the individual plasma proteins. 

Patients. Any patient undergoing diagnostic or 
therapeutic abdominal paracentesis was eligible for this 
study. The 21 patients studied represent a consecu- 

„tive unselected series of patients over a three-month 
"period. The sole requirement for inclusion in the study 
was that the fluid be drawn into an anticoagulant 
solution, as defined below, at the time of paracentesis. 

Table 1 summarizes the patients. Alcohol abuse was 
the principal cause of cirrhosis (82% of the patients). 
The severity of liver disease was assessed by Child’s 
grade, which considers the variables: liver en- 
cephalopathy, ascites, serum bilirubin, serum al- 
bumin, and prothrombin time prolongations. By this 
grading all patients with cirrhosis were a poor risk 
(ten grade B patients and seven grade C patients); this 
reflected the presence of severe ascites. 

There were differing causes for malignant ascites in 
four patients. All four patients required therapeutic 
paracentesis for relief of symptoms. 


Collection of Specimens 


Paired blood and ascitic samples were collected 
as follows: 
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Protein 

Content 

Child's Management Ascites 
Sex Grade of Ascites (mg/dl) 
B Portacaval shunt 7,000 
B LeVeen valve 6,400 
B LeVeen valve 4.700 
B LeVeen valve 4,100 
C Medical therapy 4.000 
B Portacaval shunt 3,200 
C Medical therapy 2,500 
B Medical therapy 2,500 
C Medical therapy 2,100 
i Medical therapy 2,000 
C Medical therapy 1,800 
C Medical therapy 1,600 
B Medical therapy 1,600 
B Medical therapy 1,400 
B Medical therapy 825 
C Medical therapy 800 
B LeVeen valve 725 
Paracentesis 5.100 
Paracentesis 4,500 
Paracentesis 3,700 

Paracentesis 3.200 


RID analysis. Nine cubic centimeters of ascitic fluid 
and blood were drawn into 1 cc of a citrate concentra- 
tion for anticoagulation. The different cell contents of 
the two fluids being analyzed necessitated different 
citrate concentrations. For ascitic fluid, sodium citrate 
3.07 g was used, and for the blood, sodium citrate 
1.919 g was used. Water was added until each solution 
measured 50 ml. The collected samples were placed 
immediately on ice, and within 30 minutes of collec- 
tion, centrifuged at 3000 rpm at 4 C for ten minutes, and 
the supernatants stored at —80 C until analysis. 

Fibrin-split products (FSP). Two cubic centimeters 
each of ascitic fluid and blood were drawn into tubes 
(Wellcome Reagents, Ltd., Beckenham, England BR3 
3BS) containing soya bean trypsin inhibitor (3600 NF 
units per tube) and bovine thrombin (20 NIH units 
per tube). 

Additional studies. Five cubic centimeters of blood 
were drawn for analysis of total protein content; 20 cc 
of ascitic fluid were drawn for bacteriologic and 
cytologic examinations, white and red blood cell count, 
and total protein analysis. 


Analysis of Specimens 


RID analysis of the 23 proteins was performed by 
the method of Mancini.* The plates were purchased 
from Calbiochem Behring (American Hoechst Cor- 
poration, Somerville, NJ). Each plate contained a thin 
layer of 2% agarose containing a monospecific anti- 
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TABLE 2. The 23 Plasma Protein Measured in Plasma and Ascites 
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Range (mg/dl) 


Protein Analyzed Molecular Weight Literature Normals 
ee ee 
a, glycoprotein 40,000 15-30 10-22 
a, acid glycoprotein 44.100 55—140 46-77 
as H.S. glycoprotein 49,000 40—85 36-55 
Prealbumin 50,000 10-40 14-32 
Gc globulin 50,800 20-55 16-30 
a, antitrypsin 54,000 200— 400 202-600 
Hemopexin 57,000 50-115 58-79 
Antithrombin 65,000 17-30 21-29 
Albumin 65,000 3500-5500 3700-5600 
Prothrombin 72,000 5-12 6-10 
Transferrin 80,000 200-400 250—350 
C, activator 80,000 10—40 11-20 
Plasminogen 81,000 6-25 8-12 
Haptoglobin 100,000 100-300 76-177 
Ceruloplasmin 132,000 15-60 19-35 
IgG 150,000 800-1800 710-1120 
IgA 160,000 90-450 70-270 
C; 185,000 55— 120 52-85 
C, 230,000 20-50 18—39 
Fibrinogen 341,000 200-450 230-410 
a, macroglobulin 820,000 150—420 165—240 
IgM 900,000 60— 280 36-210 
B lipoprotein 2,400,000 200-700 360—760 


WEM MM 
Molecular weight, normal range of plasma concentrations, and 
range of plasma concentration in our six normal subjects are given. 


human antiserum produced in animals. The individual 
proteins measured and their molecular weights are 
listed in Table 2. The plasma samples were assayed 
at the dilutions recommended by the manufacturer, 
and ascites samples were undiluted except for albumin, 
IgG, IgA, transferrin and al antitrypsin, where a 1:3 
dilution was optimal. As each sample, 9 ml of blood or 
ascites, was drawn into 1 ml of anticoagulant, the 
calculated protein concentrations were corrected for 
the dilution. Ascites values were multipled by '%. 
Plasma values also required correction for the 
hematocrit, and the correction factor was 


7 9 x Het 
100 


(1n - A9.) -1 
100. 


10 


Fibrin-split products were measured by the rapid 
latex test. 


Computation of RID Results and Statistical Methods 


The RID results were analyzed by the following 
groups: 1) cirrhosis with ascites-total protein less than 
2500 mg/dl, found in nine patients (group 1); 2) cir- 
rhosis with ascites-total protein greater than or equal 
to 2500 mg/dl, found in eight patients (group 2); and 3) 
cancer, found in four patients (group 3). The sub- 
division of the patients with ascites secondary to 
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cirrhosis into those with a total protein greater or 
less than 2500 mg/dl was made on the basis of this _ 
value's acceptance as the dividing line between exu- . 
dates and transudates.'? 

In each patient a ratio, plasma concentration/ 
ascites concentration ({P]/[A]), was calculated for each 
of the 23 proteins. The ratios within groups for each 
protein exhibited a distribution which was significantly 
skewed to the right and, therefore, the median ratio 
was taken to best represent the central tendency for 
each group. For each group, the median [P]/[A] ratio 
for each protein was plotted against the natural 
logarithm of its molecular weight (In MW). The three 
regressions were then computed by the method of least 
squares.'* Outliers were checked by standardized 
residuals.'® The selectivity index of the ascites for each 
group was defined as the estimated slope of the line 
fitted by the regression analysis. 

The plasma protein profiles for the patients with . 
cirrhosis and malignancies were comparéd with those 
of the six normal subjects using the Kruskal-Wallis 
test followed by paired multiple comparisons of each 
patient group against the normal subjects.'* 


General Results 


All ascites showed no growth on bacteriologic cul- 
tures. Cytologic examination for malignant cells was 
negative in the patients with cirrhosis and positive in 
the four patients with cancer. The cell count of the 
ascites was less than 1000/mm? in the patients with 
cirrhosis. The fibrin-split products in all ascites were 
greater than 40 ug/ml, the majority being greater than 
100 ug/ml and others being greater than 1000 ug/ml 
on serial dilution. FSP in blood were either normal | 
(less than 10 ug/ml) or marginally elevated, but all < 
were less than 40 ug/ml. The total protein content 
of the ascites in each individual patient is give in Table 
1. The mean total protein in group | patients was 1,416 
mg/dl; for group 2 patients it was 4,300 mg/dl, and for 
group 3 patients it was 4,100 mg/dl. It was of note 
that five patients in group 2 required operations for 
their ascites, while only one patient in group 1 had 
intractable ascites. The intractability of ascites was de- 
fined as the failure of patients to diurese after three 
weeks of bedrest, with fluid and salt restrictions 
(1 g/24 hr), and an adequate diuretic regimen. Spirono- 
lactone and furosemide dosages were only limited by 
rising blood urea levels and electrolyte disturbances. 


RID Results 
Normal Subjects 


The ranges for the 23 protein concentrations in the 
plasma of the six normal control subjects are given 
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“in Table 2, with corresponding values from the lit- 
erature.!9 


Patients 


Plasma protein profile. The patients with cirrhosis 
showed significant depressions of albumin, trans- 
ferrin, and prealbumin, and elevations of IgG, IgA, 
and IgM, when compared with the normal subjects 
(p < 0.05). The group of patients with malignant 
ascites showed significant elevations of o, acid glyco- 
protein and C, when compared to normal subjects 
(p « 0.05). 

Plasma/ascites ratios. The median [P]/[A] for each 

*protein was plotted against In MW in each of the three 
groups of patients. Linear regression equations were 
estimated in each group, fibrinogen and plasminogen 
were excluded because they were outliers (Fig. 1). The 
other 21 proteins fit within two standard deviations 
of the estimated line, except IgM in group 1, which 
was elevated by three standard deviations. The re- 
gression equations and the significance of the eleva- 
tions of median [P]/[A] of fibrinogen and plasminogen 
in each group are given in Table 3. A standard devia- 
tion greater than 3.6 indicated a p « 0.002, most ratios 
showed an even greater elevation from the line. 

The selectivity index in group 1 (1.59) was sig- 
nificantly greater than the indices in group 2 (0.35) 
and group 3 (0.50). This probably represents a moderate 
influence of molecular weight on the passage of pro- 
teins from plasma into ascites in patients with 
cirrhosis with a transudative type of ascites. 


Discussion 


A high total protein content in ascites secondary 
to cirrhosis is reputed to be uncommon and to indicate 
infection or hepatoma development (17), but our data 
are not consistent with this view. The 47% prevalence 
of total protein greater than or equal to 2500 mg/dl 
in our 17 patients was higher than the 19% previously 
reported by Sampliner and Iber.? 

The ascites with a low total protein showed 
moderate selectivity and was more responsive to 
treatment, while ascites content with high total protein 
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Fic. 1. The regression lines for median [P]/[A] versus In MW in 
group 1 (top graph), group 2 (middle graph), and group 3 (bottom 
graph). The slope in group 1 (1.59) represents a significantly greater 
selectivity in the passage of plasma proteins into ascites compared 
with groups 2 and 3. Median [P]/[A] for fibrinogen and plasminogen 
are significantly off the lines in all groups, while prothrombin 
B is in the predicted range. 


TABLE 3. The Regression Equations of Median [P]/[A] versus in MW by Groups, and the Elevation of Median [P]/[A] 
for Fibrinogen and Plasminogen from the Fitted Line Expressed in Standard Deviations 
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Elevation of Median [P]/[A] 


Group Regression Equation Fibrinogen Plasminogen 
s LM dM 
l [P/[A] = 1.59 In MW — 13.95 (r = 0.96) 26 3.6 
2 [P/[A] = 0.35 In MW — 2.08 (r = 0.86) 8 14 
3 [P/[A] = 0.501n MW — 3.90 (r = 0.83) 4 16 
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showed no selectivity, was clinically more severe, 
and was often resistant to therapy. Ascitic fluid in 
cirrhosis is derived from two sources. First, the high 
pressure in the splanchnic capillaries, which ac- 
companies portal hypertension, results in a transuda- 
tive weeping of fluid from bed. Second, the contribu- 
tion derived from the obstructed hepatic sinusoids, 
with their discontinuous epithelial lining, has more of 
an exudative character. The relative importance of 
these two contributory factors will depend on the de- 
gree of pre- to postsinusoidal obstruction. Our data on 
23 proteins show that the exudative types of ascites 
were virtually nonselective, while the transudative 
ascites had a measurable degree of selectivity. This 
selectivity is, nevertheless, not of the same order of 
magnitude as observed in proteinuria!! and, we believe, 
adds little diagnostic or prognostic information over 
total protein measurement. 

Twenty-one of the 23 proteins adhered closely to 
the median [P]/[A] versus In MW regression line; 
fibrinogen and plasminogen contrastingly diverged to a 
significant degree. The high [P]/[A] ratio of fibrinogen 
and plasminogen could result from failure of these two 
proteins to enter the ascites, from accelerated degrada- 
tion in the ascites, or from selective transport out of 
the ascites against a gradient. The first explanation 
seems unlikely, as all other proteins measured (includ- 
ing several which were larger than fibrinogen and 
plasminogen) were present in concentrations closely 
adhering to the regression fit for that particular fluid. 
High FSP in all ascites suggest that either fibrin 
or fibrinogen had undergone degradation within the 
fluid. The normal or only marginally elevated plasma 
levels make the circulation an unlikely source of this 
elevation. The origin of the FSP might be defined by 
measuring fibrino-peptide A or the D- D dimer degrada- 
tion products of fibrin. High levels of these break- 
down products of fibrin would favor fibrin rather than 
fibrinogen as their source. However, these assays 
were not available to us. Since ascites prothrombin 
concentrations were in the range predicted by the 
regression line, significant clotting had evidently not 
occurred within the ascites; therefore the accumula- 
tion of FSP probably resulted more from fibrino- 
genolysis than from fibrinolysis. These results are in 
agreement with Benz'? who performed an extensive 
analysis of clotting factors in fluids of extravascular 
origin, and found that fibrinogen was relatively de- 
pleted when compared to prothrombin. 

The postulated activation of the fibrinolytic system 
within the ascitic fluid could explain, in part, the 
coagulation problems observed following peritoneo- 
venous shunting. Either plasmin or an activator of 
plasminogen may be infused in sufficient quantity 
after shunting to cause increased destruction of 
fibrinogen. Fibrinogenolysis, however, is not the only 
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mechanism by which fibrinogen is destroyed in the 
circulation after peritoneovenous shunting. Several 
reports indicate that fibrinogen is also consumed by a 
thrombin-mediated mechanism.*^? 

In summary, this study shows that the proteins in a 
transudative type of cirrhotic ascites are moderately 
selective in their passage from plasma. This contrasts 
to the nonselective pattern seen in exudative types of 
ascites. The depletion of fibrinogen and plasminogen 
in all ascites may be explained by activation of 
the fibrinolytic system; this in turn may contribute to 
the coagulation disturbance seen on reinfusion of 
ascites into the circulation. 
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Operative Risk Factors of Colon Resection in the Elderly 


J. BARRY BOYD, M.D., BERT BRADFORD, JR., M.D., ALVIN L. WATNE, M.D. 


Between January 1, 1974, and December 31, 1978, 357 patients 
over 50 years of age underwent colon resections in three West 
Virginia Hospitals. The patients were studied by decades 
of age to compare the operative risks in younger and elderly 
patients. Preoperative assessments of cardiovascular, pul- 
monary, renal, hepatic, metabolic and nutritional states were 
compared with the postoperative morbidity and mortality 
rates. Complications occurred in 33% of all the patients 
who had resections, with 17 (4.8%) deaths. Mortality rates 
compared by decades of age correlated with the number of 
pre-existing conditions, and not with age as an isolated factor. 
There were no deaths in patients with no pre-existing 
conditions. The rate of infectious complications increased 
because the number of emergency procedures increased. 
This was also true for the mortality rate. Preoperative pul- 
monary and nutritional problems were significant contribut- 
ing factors in the patients who died from sepsis. Careful 
preoperative assessment, correction of pre-existing pul- 
monary and nutritional deficiencies, and avoidance of emer- 
gency procedures may improve the morbidity and mortality 
rates associated with colon resections in elderly patients. 


HE MEDICAL CARE OF ELDERLY patients has be- 
T come an increasingly important problem. The 
absolute number and the percentage of persons over 65 
years of age continues to increase in the United States 
(Table 1). Cancer is the second leading cause of death 
in the elderly. Colon and rectal cancer is the second 
leading cause of death by cancer, following lung cancer 
for males and breast cancer for females. Therefore, 
colon resection was chosen as the procedure to 
assess operative risk factors in elderly patients. 

A retrospective study of colon resections in pa- 
tients over 50 years of age (according to decades of 
age) was undertaken to 1) define pre-existing con- 
ditions, 2) identify preoperative factors associated 
with the morbidity and mortality rates, 3) define the 
criteria to predict operative risks and 4) identify ways 
to improve patient care. 


Materials and Methods 


Between January 1, 1974 and December 31, 1978, 
357 patients over 50 years of age underwent colon 
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resections in three West Virginia Hospitals. Seventy 
per cent of the resections were to treat carcinoma, 
16% were to treat diverticular disease and 14% were 
to treat other conditions (Table 2). The other con- 
ditions included Crohn's disease, ulcerative colitis, 
volvulus, appendiceal abscess, and iatrogenic injury. 
One hundred sixty-eight left colectomies, 96 right 
colectomies, 59 abdominoperineal resections and 37 
other resections were performed. Nine and one-half 
per cent ofthe resections were performed as emergency 
procedures. 

Preoperative evaluations included cardiovascular, 
pulmonary, renal, hepatic, metabolic and nutritional 
assessments. Cardiac factors included previous myo- 
cardial infarction, congestive heart failure, and hyper- 
tension. Pulmonary factors included chronic lung 
disease, pneumonia, and previous lung resection. 
Renal factors included renal calculi, chronic renal 
failure, and a preoperative serum creatinine level 
greater than 2.0 mg/dl. Hepatic disease included liver 
metastases and significant elevations in liver function 
tests. Metabolic conditions included diabetes, arthritis, 
and steroids. The patient's nutritional status was not 
always evaluated, but a serum albumin level of less 
than 3.0 mg/dl was used as an indicator of nutritional 
problems. Other preoperative conditions included pre- 
vious major surgery and peptic ulcer disease. 

Postoperative complications occurred in 33% of all 
the patients who had colon resections. Cardiopul- 


TABLE |. USA Population Statistics 








People 
Date Total Over 65 Per Cent 
1900 76,094,000 3.099.000 4.1 
1950 152,271,000 12,297,000 8.1 
1970 204,878,000 20,087,000 9.8 
2000 282,837,000 31,822,000 11.3 
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TABLE 2. Primary Disease Related to Morbidity and Mortality Rates 
Number of Morbidity Mortality 

Primary Disease Patients Rate Rate 

Cancer 251(70%) 76(30%) 7(2.8%) 

Diverticular disease 56( 16%) 18(32%) 6( 10.7%) 

Other 50(14%) 24(48%) 4(8%) 

Total 357( 100%) 118(33%) 17(4.8%) 





monary complications included myocardial infarction, 
stroke, pneumonia, pulmonary embolus, and atelecta- 
sis. Infectious complications included wound in- 
fection, intra-abdominal abscess, wound disruption, 
and anastomotic leak. Other complications included 
cholecystitis, liver failure, urinary tract infections, 
renal failure and postoperative gastrointestinal bleed- 
ing. Eighty patients developed postoperative sepsis 
from multiple causes. There were 17 deaths (4.8%): 
one patient died from a pulmonary embolus, five pa- 
tients died from myocardial infarctions and 11 pa- 
tients (65%) died from sepsis and multisystem failures. 


Results 


The morbidity and mortality rates related to the 
primary disease and ages of the patients are dem- 
onstrated in Tables 2 and 3. Complications occurred 
in 33% of the patients who had colon resections, 
with a 4.8% mortality rate. Seventy per cent of the 
resections were performed to treat carcinoma, with a 
2.8% mortality rate. Sixteen per cent of the resections 
were performed to treat diverticular disease, with a 
10.7% mortality rate. The mortality rate for ab- 
dominoperineal resection was zero as compared with 
9.4% for right colectomy and 3.6% for left colectomy. 
The mortality rate increased with each decade of age, 
for patients less than 70 years of age the mortality 
rate was 2.3% compared with 8.5% for those patients 
over 70 years of age. The incidence of pre-existing 
conditions and the number of pre-existing conditions 
per patient are tabulated according to decade of age 
in Tables 4 and 5. Pre-existing cardiovascular disease 
was very common and increased with age. The in- 


TABLE 3. Age Related to Morbidity and Mortality Rates 


Number of Morbidity Mortality 
Age Patients Rate Rate 
50-59 95 27(28%) 3(3.1%) 
60— 69 121 47(39%) 2(1.7%) 
70-79 100 30(30%) 5(5%) 

« >80 41 14(34%) 117%) 
<70 216 74(34%) 5(2.396) 
>70 141 44(31%) 12(8.5%) 

. Total 357 118(33%) 17(4.8%) 
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TABLE 4. Incidence of Preoperative Conditions (Per Cent) 








Over 
Condition 50-59 60-69 70-79 80 Total 
Cardiovascular 36 52 57 85 53 
Pulmonary 8 17 20 17 16 
Renal 5 8 24 15 13 
Hepatic J 10 16 20 12 
Nutritional 2 7 10 22 8 
Other 13 18 21 20 18 





cidence of pre-existing conditions increased by 
decades. 

Table 6 lists the incidence of pre-existing condi- 
tions of the patients who died after their resections. 
Pre-existing pulmonary and nutritional problems in- 
creased the mortality rates in patients who had emer- 
gency colon resections. Two or more pre-existing 
conditions doubled the mortality rate for emergency 
versus elective procedures. All of the patients who 
died after emergency colon resections had two or more 
pre-existing conditions. 

The mortality rates of the young and elderly 
groups of patients as related to the number of pre- 
existing conditions are demonstrated in Table 7. No 
significant mortality rate occurred in either group of 
patients with zero or one pre-existing condition. A 
mortality rate of 8.6% in patients younger than 70 
years of age, and a mortality rate of 16.2% in patients 
over 70 years of age occurred in groups of patients 
with two or more pre-existing conditions. The pre- 
existing conditions and not age, as an isolated factor, 
affected mortality rates. Pre-existing disease had a 
more significant effect on mortality rates in the elderly 
group than in the younger group of patients. 

The number of complications after emergency 
versus elective procedures are compared in Table 8. 
The overall incidence of complications was similar in 
the two groups (38% compared with 32%). However, 
infectious complications such as, wound infection, 
intra-abdominal abscess, anastomotic leak, and res- 
piratory problems occurred three times more often 
in the emergency group. The mortality rate in the 
patients who had emergency procedures was 17.6%, 


TABLE 5. Number of Preoperative Conditions 
Per Patients (Per Cent) 


Over 
Number 50-59 60-69 70-79 80 Total 
0 46 33 21 5 30 
l 37 34 28 37 33 
2 13 21 23 4] 24 
3 or more 3 8 22 15 11 
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TABLE 6. Mortality Rates Related to Preoperative Conditions 
in Emergency Compared to Elective Procedures 








Emergency Elective Total 
Patients 6(35) 11(65) 17(100) 
Cardiovascular 5(83) 8(73) 13(76) 
Pulmonary 2(33) 0(0) 2(12) 
Renal 1(17) 2(18) 3(18) 
Hepatic 1(17) 1(9) 2(12) 
Metabolic 1(17) 4(36) 5(29) 
Nutritional 5(83) 4(36) 9(53) 
Two or more 
conditions 6( 100) 5(45) 1 1(65) 





Numbers in parentheses indicate per cent. 


as compared with 3.4% in the patients who had elective 
procedures. 

Eleven of the 17 deaths were secondary to sepsis 
and multisystem failures. Table 9 compares the in- 
cidence of pre-existing conditions in these 11 patients 
with the overall group of patients. Patients over 70 
years of age, emergency operations, pre-existing pul- 
monary and nutritional problems, and two or more 
pre-existing conditions were contributing factors as the 
cause of death in the patients who died from sepsis. 
Age may not be a significant factor because of the 
increase in coexisting diseases with age. Nutritional 
status had a dramatic effect on the death rate from 
sepsis, as did multiple pre-existing conditions. 


Discussion 


Powers' demonstrated the increasing frequency 
of surgery in elderly patients. Between 1931 and 1959 
overall surgical admissions increased 274%, surgical 
operations increased 423% and operations in patients 
over the age of 60 years increased 1209%. Forty per 
cent of the procedures were performed on patients 
over 60 years of age, but 76.5% of the deaths occurred 
in this group of patients. The operative mortality 
rate for the elderly patient who had surgery, per- 
formed is a significant health care problem that 
needs evaluation. 

Greenfield,” Cole?? and others? have discussed the 


TABLE 7. Mortality Rates of Young and Elderly Patients 
Related to Number of Preoperative Conditions 


Less than 70 Greater than 70 


Per Cent Per Cent 
Mortality Mortality 
Patients Rate Patients Rate 
Zero or one 
conditions 0/160 0 1/66 1.5 
Two or more 
conditions 5/58 8.6 11/68 16.2 
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TABLE 8. Postoperative Complications Related to 
Emergency Versus Elective Procedures 
Emergency Elective Total 
Patients 34(9.5%) 323(90.5%) 357( 100%) 
Incidence 13(38%) 105(32%) 118(33%) 
wound infection 10(29%) 38( 12%) 48( 15%) 
abscess 3(9%) 10(3%) 13(4%) 
leak 349%) 113%) 14(4%) 
dehisence (3%) 4(1%) §(2%) 
respiratory 4(12%) 14(4%) 18(6%) 
pulmonary embolus 2(6%) 9(3%) 11(3%) 
other 3(9%) 42(13%) 45(14%) 
Deaths 6(17.6%) 11(3.4%) 17(4.8%) 


problems of surgery for the elderly patient. Greenfield? 
emphasized early treatment, minimizing complica- 
tions, avoiding emergency surgery, and assessing inter- 
current disease. Cole* stressed close observation for 
potential complications, meticulous operative tech- 
nique and short operative time. 

Cole* found a mortality rate of 4.6% in patients 
under 60 and 7.7% in patients over 60 who had 
colon resections. This compares with 3.1% and 5.5% 
for similar groups in the present study. Glenn’ re- 
ported a significant increase in the mortality rates in 
elderly patients with pre-existing diseases who under- 
went biliary tract surgery. Our study confirms this and 
emphasizes the importance of evaluating preopera- 
tive cardiovascular, pulmonary, renal, metabolic, and 
nutritional states. No deaths occurred in patients 
without preexisting diseases, and not with age as an 
isolated factor. 

Wilder and Fisherhein? reported a mortality rate of 
61% in patients over 65 years of age with postoperative 
complications, as compared with only 10% in patients 
with no complications. In our study of colon resection 
in elderly patients the mortality rate in patients with 
no complications was zero, as compared with 13% for 
patients with complications. In patients over 60 years 


TABLE 9. Deaths Secondary to Sepsis Related to 
Preoperative Conditions (11 Patients) 


Deaths from Sepsis Overall 


Condition (11 patients) (357 patients) 
Emergency 5(45) 34(10) 
Cardiovascular 7(64) 189(53) 
Pulmonary 5(45) 56( 16) 
Renal 3(27) 45(13) 
Hepatic 2(18) 4(1) 
Metabolic 2(18) 43(12) 
Nutritional 7(64) 30(8) 
Two or more 

preoperative 

conditions 10(91) 126(35) 


Numbers in parentheses indicate per cent. 
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of age, Cole* found a mortality rate of 18.5% for pa- 
tients who had emergency procedures, compared to 
6.596 for patients who had elective procedures. These 
mortality rates are similar to our study (17.6 versus 
3.4%). In particular, we found that pre-existing pul- 
monary or nutritional problems or multiple preopera- 
tive conditions significantly increased mortality rates 
in emergency cases. 

Irvin and Zeppa? did a prospective study to quan- 
titate the operative risks of patients undergoing opera- 
tions for complications of peptic ulcer disease. The 
mortality rates increased significantly with age, and 
emergency procedures carried a high risk. Cardiovas- 
cular, pulmonary and renal factors all correlated well 
with mortality rates. Nutritional status was not studied. 
Computer analysis effectively predicted operative risks 
in Irvin and Zeppa's prospective study. Computer 
analysis of preoperative risk factors of colon resec- 
tion in elderly patients should be able to predict the 
postoperative mortality rates, as did Irvin's study with 
peptic ulcer disease. 

The morbidity and mortality rates of colon resec- 
tions in elderly patients may be improved by 1) 
careful preoperative assessment, 2) correcting pre- 
existing pulmonary, nutritional, or other deficiencies, 
3) avoiding emergency procedures and 4) minimizing 
perioperative complications. Age as an isolated factor 


Ann. Surg. e December 1980 


had no effect on the mortality rate of colon resec- 
tions. Pre-existing diseases increase with age and must 
be carefully evaluated. 
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“TO DATI DRAIN 
After parenteral narcotics... 


maximum oral potency 


The principal analgesic ingredient, oxy- 
codone, is a semisynthetic narcotic with 
multiple actions qualitatively similar to 
those of morphine. The analgesic effect 
of oxycodone begins within 10 to 15 min- 
utes after oral administration, peaks at 
45 minutes and persists for 3 to 6 hours.* 
Acetaminophen, a non-narcotic analge- 
sic, complements the pain relief pro- 
vided by oxycodone. 


Summary of Prescribing Information 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration, prescribe and administer 
with same Caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards. 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Most frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription 

For information on symptoms / treatment of over- 
dosage, see full prescribing information. 

Full directions for use should be read before adminis- 
tering or prescribing 


*Halpern LM. Bonica JJ: Analgesics, in Modell W (ed) 
Drugs of Choice 1978-1979. St Louis, CV Mosby, 1978, 
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An oxycodone analgesic 





combination without APC 


TYLOX: 


CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 


*Warning: May be habit forming. 
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McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 
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Iniectable 
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Qlazeoam/ Roche 


PRESURGICALLY 


affective anxiolytic 
action plus proven ; 
skeletal muscle relaxation 


] Deep administration into muscle one 
Your before surgery provides prompt 
herapeutic response 

-Reduction of anxiety and the somatic- 
^nuscular symptoms which frequently 
accompany anxiety generally results in a 
»atient better prepared for anesthesia 

_] Relief of skeletal muscle spasm in 

adjunctive use may be especially valuable 

NEC the presurgical trauma patient 








POSTSURGICALLY 


adjunctive benefits 
when pain is a 
complicating factor 


O Effective skeletal muscle relaxant — 
Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain 
and interfere with recovery 


O Effective anxiolytic — 
Especially important since high levels of 
anxiety often intensify the experience of pain 


O Narcotic analgesic dosage can and 

should be reduced — 

When used with narcotic analgesics, 

reduce narcotic dosage at least 1/3 and 
administer in small increments; in some cases, 
use of a narcotic may not be necessary 


| LM. 
diazeoam/Rocne W 


Awide range of benefits 
in one effective agent 


Please see summary of product information on following page. 





Improved 


Tel-E-Ject 


10 mg Disposable 
Syringe (5 mg/ml) 


the only prefilled disposable 
syringe with a 1-1/2” needle 


fo help insure deep 
administration info muscle 





Injectable 


Valium |. 











diazeoam/Roche W 


10-ml vials 
2-ml ampuls 


| 5mg/ml 


Please consult complete 
product information, a summary 
of which follows: 
Contraindications: Hypersensitivity 
acute narrow angle glaucoma. may be 
used in patients with open angie glau 
coma receiving appropriate therapy 
Warnings: 7o reduce the possibility of 
venous thrombosis, phlebitis, iocal irr 
lation, swelling. and. rarely. vascular 
impairment when used I.V.: inject 
slowly, taking at least one minute for 
each 5 mg (1 ml) given, do not use 
small veins, i.e.. dorsum of hand or 
wrist; use extreme care to avord intra 
arterial administration or extravasation 
Do not mix or dilute Valium (diazepam 
Roche) with other solutions or drugs in 
syringe or infusion flask. If it is 
feasible to administer Valium airectly 
IV. it may be injected slowly through 
the infusion tubing as close aS po« 
sible to the vein insertion 
Administer with extreme care to elderly 
very those with limited pulmonary 
reserve because of possibility of apnea 
and or cardiac arrest. concomitant use 


of barbiturates. alcoho! or other CNS 
depressants increases depression with 


ncreased risk of apnea. have resusc! 
ties available When used 
with narcotic analgesic. eliminate or 
reduce narcotic dosage at leas! 
administer in small increments Should 
not be administered to patients in 
shock. coma. acute alcoholic intoxica 
tion with depression of vital signs As 
with most CNS-acting drugs. caution 
against hazardous occupations requir 
ing complete mental alertness (e.g 
operating machinery, driving) 
Has precipitated tonic status epilep 
ticus in patients treated for petit ma 
status or petit mal variant status 
Withdrawal! symptoms similar to those 
with barbiturates and alcoho! have 
been observed with abrupt ciscon 
tinuation after long use of excessive 
doses Infrequent!y, milder withdrawa 
symptoms have been reported follow- 
ng abrupt discontinuation of benzo- 
diazepines after long. continucus use 
at high therapeutic levels After ex 
tended therapy. gradually taper dosage 

Usage in Pregnancy: Use of 

minor tranquilizers during 

first trimester should almost 

always be avoided because 

of increased risk of congeni- 

tal malformations, as sug- 

gested in several studies. 

Consider possibility of preg- 

nancy when instituting 

therapy; advise patients to 

discuss therapy if they intend 

to or do become pregnant. 
Not recommended for OB use 
Efficacy/safety not established in neo- 


bat a far 
ALVE iac 


nates (age 30 days or less). prolonged 
CNS depression observed. In children 
give slowly (up to 0 25 mg/kg over 3 
minutes) to avoid apnea or prolonged 
somnolence, can be repeated after 15 
to 30 minutes If no relief after third 
administration, appropriate adjunctive 
therapy is recommended 
Precautions: Although promptly con 
trolled. seizures may return. re- admin 
ster if necessary. not recommended 
or long-term maintenance therapy 

If combined with other psychotropics 
or anticonvulsants. caretul!y consider 
ndividual pharmacologic effects —par 
ticularly with known compounds whict 
may potentiate action of Valium 
(diazepam Roche) e.. phencthia 
zines, narcotics. barbiturates. MAO 
hibitors. antidepressants Protective 
measures indicated in manly anxious 


patients with acci 


f 
| 


sion who may have suicida! tenden 
cies. Observe usual precautions in 
mpaired hepatic function, avo d 


accumulation in patients with compro 


mised nianey function Laryr gospasn 


mpanying depre! 


ncreased cough reflex are possible 
during peroral endoscopic proce 
topical anestnet 
necessary countermeasures availabls 
Hypotension or muscular weakness 
possible. particularly 
narcotics. barbiturates or alcohol | 
ower doses (2 to! 


SMEL tor elger V 
aebiitatea 


Adverse Reactions: Drowsiness fa 


dures. use have 


when used w tt 


tique. ataxia. venous thrombosis 
phlebitis at injection site. confusion 
Jepression, dysarthria. headache ny 
poactivity, slurred speech. syncope 
tremor. vertigo. constipation. nausea 
ncontinence. changes in Dido. ur 


nary retention. bradycardia. car 
diovascular collapse. nypotension 
n.diplopia. nys 


urticaria. skin rash, hiccups. changes 


+ 


-~ 


"rv & 
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n salivation. neutropenia. jaundice 
acute 
hyperexcited states. anxiety. hallucina 
tions. increased muscle spasticity 
nsomnia. rage. sieep aisturbances 
stimulation have been reported. should 
occur. discontinue drug Cough 
depressed respiration. dyspnea. hy 
perventilation, laryngospasm. pain in 
throat and chest have 


Paradoxical reactions such as 


thaas 
nese 


> been reported in 
peroral endoscopic procedures |so 
ateg reports of neutropenia jaundiCe 
periodic DIOOG Counts ver tunction 
tests advisabdie au 


r * immer * bor? 
gk )]-term 


therapy Minor EEG changes. usually 
low- voltage fast activity. of no known 
significance 

Management of Overdosage: Man 
festations include somnolence. con 
fusion. coma. diminished reflexes 
Monitor respiration. pulse. blood pres 
sure, empioy genera! supportive 
measures. | V fluids. adequate airway 
Hypotension may be combatec by the 
use ot ‘evartereno! or metaramino 
Dialysis is of limited value 

Supplied: Ampuls. 2 mi. boxes of 10 
Vials. 10 ml. boxes of 1, Tel-E- Ject* 
(disposable syringes). 2 m!. boxes of 
10. Each mi contains 5 mg diazepam 
compounded with 4096 propylene 
glycol. 10% ethy! alcohol. 5% sodium 
benzoate and benzoic acid as 
buffers, and 15% benzy! alcohol as 
preservative 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 


a Nutley, New Jersey 07110 





Animportant 
new preanesthetic medication 


NewATIVAN torazerawe 
INJECTION IM oV 


See important information on last page. 





Ativan lorazepam Injection 
satisfies important criteria for | 
successful premedication 

As confirmed in 


multicenter studies involving 
2631 patients > 


Leaves the patient sedated, Blocks or diminishes recall 

yet cooperative for 6-8 hours after a single injection 

In contrast to older preanesthetic medication, the majority of The majority of patients premedicated with Ativan Injection 
patients premedicated with Ativan Injection, though have difficulty remembering perisurgical events. ‘This lack 
clinically sedated, are able to respond to simple instructions, of recall is relative, rather than absolute, as determined under 
whether they give the appearance of being awake or asleep. ° conditions of careful patient questioning and testing, using 


“memory cards" designed to enhance recall. ** 


Allays preoperative apprehension 


90 Percentage incidence of patients who could not 


d 
e 


Ativan Injection significantly reduces the level of recall memory cards, operating room or recovery 
preoperative anxiety. * It is especially useful in patients who jl en hi o 
suffer anticipatory anxiety and those who would prefer not : 
to remember their surgical experience. = 70 
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TIME: 1 2 4 8 16 32 65 A 
(MINUTES) L—— MEMORY CARD ——J OPER. RECOVERY 
RM. RM. 


éé a a 
Rated "highly acceptable" by most patients 
The effect produced by Ativan Injection is rated as highly 
acceptable" by a majority of patients. When questioned after 
their operation, virtually all indicated they would wish to 
Copyright € 1980, Wyeth Laboratories. All rights reserved. receive Ativan Injection again for any future surgery. ' 


' Effective IM and IV Wyeth Laboratories 


- i fe Philadelphia, PA 19101 
“Lorazepam may also fill the pressing need fora 4 Á 
benzodiazepine with prompt and reliable clinical action when 
given by ztramuscular injection." And, in contrast to 
diazepam, the metabolism of Ativan is simple and does not 
involve long-acting metabolites. 


Vital signs—essentially normal 


In most patients, Ativan Injection has only minimal etfects on 
blood pressure, pulse and respiratory rate. Hypertension 
(0.175) and hypotension (0.1%) have been reported very rarely. 


Little if any IV irritation 

[n contrast to the thrombophlebitis frequently seen with 
older premedication, Ativan Injection when properly diluted 
has only minimal irritative or injurious effects on the veins. ’ 
A painful response to IV injection was noted in 13 of 771 


patients (1.6%), of whom 4 (0.5%) still complained of pain 
24 hrs later. ' 


Can be used with most anesthetic agents 


Ativan Injection can be used with atropine sulfate, narcotic 
analgesics, other parenterally used analgesics, commonly 
used anesthetics and muscle relaxants. Concomitant use with 
scopolamine is not advisable, since it may lead to increased : 
sedation, hallucinations and irrational behavior. 


* emphasis added 


Ativan Injection is available 

in TUBEX® sterile cartridge-needle 
units for single use 

and in multiple-dose vials. 


References: 

1. Data on file, Wyeth Laboratories. 

2. Simpson PJ, Eltringham RJ: to be published. 

3. Conner JT, Parson N, Katz RL, et al: Clin Pharmacol Ther /9:24-29, 1976. 
4. Conner JT, Katz RL, Bellville JW, et al: J Clin Pharmacol /8:285-292, 1978. 
5. Heisterkamp DV, Cohen PJ: Br J Anaesth 47:79-81, 1975. 

6. Greenblatt DJ, Shader RI: N Engl J Med 299:1342-1344, 1978. 

7. Graham CW, Pagano RR, Conner JT: Anaesthesia 33:188-191, 1978. 


To arrange a showing of the film “Preoperative Medication 
and the Role of ATIVAN® (lorazepam) Injection,” call or write 
Wyeth or your Wyeth representative. 
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An important new preanesthetic medication 


ATIVAN (LORAZEPAM) € 
INJECTION IM oV 


DESCRIPTION: Ativan* (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. It has the chemical formula 7-chloro-5-(o-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 mi polyethylene glycol 400 in propylene glycol with 2.0% benzy! alcohol as preservative. 


CLINICAL PHARMACOLOGY: !V or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief o* preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from betore surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant ef'ects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 

. Ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) wil! produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. . 

INDICATIONS AND USAGE: In adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most usetul in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol. 
and benzyl alcohol) or acute narrow angle glaucoma. Intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with milc to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
Is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
IV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 


PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may pcssibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 


Information for Patients: As appropriate, inform patients of pharmacological effects, e.g. secation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed fcr 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beveraces should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depressicn seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery 

Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug Interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable Idrazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test Interactions: No laboratory test abnormalities were identified when orazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, anc various tranquilizing agents. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp.antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section; therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years: therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.396 (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressec hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 


Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence trom one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.596 still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 


Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drucs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: ^s with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period cf time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. In addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may be incicated. Published reports indicate that IV infusion of 0.5 to 4 mc physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium); however, hazards associated with 
physostigmine (i.e., induction of seizures) should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate. 

Intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
such use is not recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg- may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect, 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP. Sodium Chloride Injection, USP, 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan” (lorazepam, injection, Wyeth, is available in multiple-dose vials and in TUBEX" Sterile 
Cartridge-Needle Units. 

2 mg/ml, NDC 0008-0581; 10 mi vial and 1ml fill in 2 ml TUBEX. 

4 mg/ml, NDC 0008-0570; 10 ml vial and 1 ml fill in 2 ml TUBEX. 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 

Directions for Dilution for IV Use: T» dilute, adhere to following procedure: For TUBEX —(1) Extrude entire 
amount of air in half-filled TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial —Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


| i Philadelphia, PA 19101 
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. Consider these 
Lippincott/Harper journals 
for up-to-date information 


on what's happening GENERAL 
in today's fast-moving THORACIC 


VASCULAR SURGEON 


health care fields 


Forty professional journals, covering a broad range of 

professional specialties, bring up-to-date information to their 
thousands of subscribers throughout the year. Articles come 
from both practitioners and researchers who are anxious to . 
share important data that provide valuable insights into various To associate with multispecialty group 


, facets of their special areas of expertise. Check the listing located in San Fernando Valley. No car- 


below for the publications of special interest to you. i i ; 
à ‘ : diac surgery. Complete training in all 
aren EE . 
aspects of thoracic and peripheral vas- 


American Journal of Clinical Pathology. Monthly. $40.00. cular surgery required. 
American Journal of Pathology. Monthly. $70.00; Residents $30 00 


American Surgeon. Monthly. $30.00: Residents $21.00 Write and send C.V. to: 


ASAIO Journal (American Society for Artificial Internal Organs). Quarterly. $28.00 

Anesthesiology. Monthly. $20.00 

Annals of Surgery. Monthly. $32.00; Residents $24.00. James D. Roorda, M.D. 

ASA Refresher Courses in Anesthesiology. Annually. $10.00 Southern California Permanente 
Canadian Journal of Neurological Sciences. Quarterly. $24.00 . 

Cancer. Twice Monthly. $40.00 Medical Group 





Clinical Nuclear Medicine. Monthly. $32.00. 4747 Sunset Boulevard, #AA.2 

Clinical Obstetrics and Gynecology. Quarterly. $40.00 . . 

Clinical Orthopaedics and Related Research. 8 Issues. $72.00. Los Angeles, California 90027 
Residents $45.00 

Clinical Pediatrics. Monthly. $28.00; Residents $20.00 An Equal Opportunity Employer. 


Clinical Preventive Dentistry. Bi-Monthly. $20.00: Residents $14.00 
Clinics in Developmental Medicine. Bi-Monthly. $50.00 

Current Surgery. Bi-Monthly. $25.00; Residents $20.00 

Developmental Medicine and Child Neurology. Bi-Monthly. $50.00 
Diseases of the Colon and Rectum. 8 Issues. $37.00: Residents $26.00 
Europa Medicophysica. Quarterly. $40.00. 

Hospital Pharmacy. Monthly. $22.00; Residents $16.00 

International Journal of Dermatology. 10 Issues. $33.00: Residents $20.00 
Investigative Radiology. Bi-Monthly. $38.00; Residents $25.00. CHANGE OF ADDRESS 
Journal of Andrology. Bi-Monthly. $45.00. 

Journal of Cardiovascular Surgery. Bi-Monthly. $50.00. 


Journal of Obstetric, Gynecologic and Neonatal Nursing (JOGN). Change of Address: Please allow 60 davs 
Bi-Monthly. $17.50; Residents $10.00. 4 


Journal of Sports Medicine and Physical Fitness. Quarterly. $40.00 
Laboratory Medicine. Monthly. $20.00. 
Medical Care. Monthly. $40.00; Residents $23.00. 





before date of issue for change of address. 


Medical Journal of the New York Hospital-Cornell Medical Center. Notification should include the old as well 
Quarterly. $12.00. 

NITA (Journal of the National Intravenous Therapy Association). Bi-Monthly. $18.00. as the new address, with indication of 
Ophthalmology. Monthly. $40.00. 

Panminera Medica. Quarterly. $40.00. whether the change is temporary or per- 


Paviovian Journal of Biological Science. Quarterly. $30.00. 
Postgraduate Medical Journal. Monthly. $120.00. 
Science Progress. Quarterly. $72.50. 
Sexually Transmitted Disease. Quarterly. $30.00; Residents $16.00 
Spine. 6 Issues. $40.00; Residents and Interns $25.00 
Transfusion. Bi-Monthly. $29.00; Residents $11.00 
Veterinary Radiology. Bi-Monthly. $32.00. 
Veterinary Surgery. Quarterly. $18.00; Residents $11.00. 
Prices quoted are for the U.S.A. Rates for other countries available upon Send Change of Address cards to: 


request. Income Tax deductions are permitted by U.S. Regulation 1-162-6 for 
expenses accrued in the purchase of professional books and journals. 


manent. Please give the name of the Jour- 


nal. 





o Et) ANNALS OF SURGERY 
To order your subscription and for additional Circulation Department 
information, write or telephone today. Lippincott/ Harper 
Lippincott/Harper Journal Department 2350 Virginia Avenue 
East Washington Square . 

P.O. Box 280, Philadelphia, Pennsylvania 19105 Hagerstown, MD 21740 


Telephone: 215-574-4277 AS 12/80 





JUNE 197 
NUBAIN® WAS INTRODUCED 
nalouphine HCI 





TODAY PHYSICIANS ARE 
USING NUBAIN 


AS A SAFE AND EFFECTIVE ALTERNATIVE 

TO MEPERIDINE HCI (DEMEROL*) 

The analgesic potency of NUBAIN is comparable to 
that of meperidine HCI. It may be administered in 
individual doses of 10 mg/70 kg up to 20 mg; with a 
maximum daily dose of 160 mg. Onset and peak 
effect are comparable to that of meperidine HCI 
(50—150 mg). 


FOR LESS RESPIRATORY DEPRESSION 
POTENTIAL 

At dosages of 10 mg/70 kg, NUBAIN is comparable 
to morphine in respiratory depression. At higher 
doses, however, NUBAIN does not appreciably 
increase respiratory depression, as does morphine 
(see Precautions). 


FOR A LOW LEVEL OF SIDE EFFECTS 


In clinical trials, NUBAIN caused less vomiting than 
meperidine HCI or morphine. This is an important 
consideration for the general surgeon or 
anesthesiologist. 


FOR FAVORABLE HEMODYNAMIC PROFILE 
NUBAIN has the effect of slightly lowering the 
cardiac work load and can be used immediately in 
MI (use cautiously where emesis is involved). 


FOR LONGER DURATION OF ACTION WHICH 
MAY PROVIDE GREATER PATIENT COMFORT: 
UNINTERRUPTED SLEEP 
LONGER DAYTIME RELIEF 
The analgesic effect of NUBAIN lasts from 3 to 6 


hours, so the patient has fewer interruptions of 
activities and may sleep better. 





NUBAIN is an Endo registered U.S. trademark. AE es 


more than 1 million doses later, physicians at more 
than half the large hospitals of 500 beds or 

more are using NUBAIN® nalouphine HCI as a logical 
alternative to meperidine HCI (Demero!l*) 


®AMPULS AND VIAL 
NUBAIN IT WILL CHANGE THE WAY YOU 
| x Bl ABOUT POTENT ANALGESICS 


Please see brief summary of full prescribing information on the next page. Endo 
Laboratories ML ILI 
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NUBAIN 
nalbuchine HCl 


Brief summary of full prescribing information 

INDICATIONS For the relief of moderate to severe pain NUBAIN can also be 
used for preoperative analgesia as a supplement to surgical anesthesia 
and for obstetrical analgesia during labor 

CONTRAINDICATIONS NUBAIN should not be administered to patients who 
ate hypersensitive t t 

WARNINGS Drug Dependence NUBAIN has been shown to have a low abuse 
potential which is approximate to that of pentazocine When compared with 
drugs which are not mixed agonist-antagonists. it has been reported that 
nalbuphine s potential for abuse would be less than that of codeine and 
propoxyphene Psychological and physical dependence and tolerance may 
follow the abuse or misuse of nalbuphine Therefore caution should be 
bserved in prescribing it for emotionally unstable patients. or for 
ndividuals with a history of narcotic abuse Such patients should be 





closely supervised when long-term therapy is contemplated Care should 
be taken to avoid increases in dosage or frequency of administration which 
n susceptible individuals might result in physical dependence Abrupt 
discontinuation of NUBAIN following prolonged use has been followed by 


symptoms of narcotic withdrawal 1e. abdominal cramps. nausea and 
vomiting. rhinorrhea lacrimation, restlessness. anxiety elevated tempera 
ture and piloerection Use in Ambulatory Patients NUBAIN may impair the 
mental or physical abilities required for the performance of potentially 
dangerous tasks such as driving a car or operating machinery Therefore 
NUBAIN should be administered with caution to ambulatory patients who 
should be warned to avoid such hazards Use in Emergency Procedures 
Maintain patient under observation until recovered from NUBAIN effects 
that would affect driving or other potentially dangerous tasks Use in 
Children Clinical experience to support administration to patients under 18 
years is not available at present Use in Pregnancy (other than labor) Safe 
use of NUBAIN in pregnancy has not been established Although animal 
reproductive studies have not revealed teratogenic or embryotoxic effects 
nalbuphine should only be administered to pregnant women when. in the 
judgement of the physician. the potential benefits outweigh the possible 
hazards Use During Labor and Delivery NUBAIN can produce respiratory 
depression in the neonate It should be used with caution in women 
delivering premature infants Head Injury and Increased Intracranial 
Pressure The possible respiratory depressant effects and the potential of 
potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the 
presence of head injury intracranial lesions or a pre-existing increase in 
intracranial pressure Furthermore. potent analgesics can produce effects 
which may obscure the clinical course of patients with head injuries 
Therefore. NUBAIN should be used in these circumstances only when 
essential and then should be administered. with extreme caution 
Interaction With Other Central Nervous System Depressants Although 
NUBAIN possesses narcotic antagonist activity there is evidence that in 
nondependent patients it will not antagonize a nari Otic analgesic 


administered just before. concurrently or just after an injection of NUBAIN 
Therefore patients receiving a narcoti analgesic general anesthetics 
phenothiazines or other tranquilizers. sedatives. hypnotics. or other CNS 
depressants (including alcohol) concomitantly with NUBAIN may exhibit an 


additive effect When such combined therapy is contemplated. the dose of 
one or both agents should be reduced 


PRECAUTIONS Impaired Respiration At the usual adult dose of 10 mg/70 
kg. NUBAIN causes some respiratory depression approximately equal to 
that produced by equal doses of morphine However in contrast to 
morphine. respiratory depression is not appreciably increased with higher 
doses of NUBAIN Respiratory depression induced by NUBAIN can be 
reversed by NARCAN  (naloxone hydrochloride) when indicated. NUBAIN 
should be administered with caution at low doses to patients with impaired 
respiration (e g trom other medication uremia, bronchial asthma. severe 
infection. cyanosis or respiratory obstructions) Impaired Renal or Hepatic 
Function Because NUBAIN is metabolized in the liver and excreted by the 
kidneys. patients with renal or liver dysfunction may overreact to customary 
doses Therefore in these individuals. NUBAIN should be used with caution 
and administered in reduced amounts Myocardial Infarction As with all 
potent analgesics, NUBAIN should be used with caution in patients with 
myocardial infarction who have nausea or vomiting Biliary Tract Surgery 
As with all narcotic analgesics NUBAIN should be used with caution in 
patients about to undergo surgery of the biliary tract since it may cause 
spasm of the sphincter of Oddi 


ADVERSE REACTIONS The most frequent adverse reaction in 1066 patients 
treated with NUBAIN is sedation (381) 36°% Less frequent reactions are 
swealy/clammy (99) 9?5, nausea/vomiting (68) 6°% dizziness /vertigo 
(58) 5%. dry mouth (44) 4°. and headache (27) 3% Other adverse 
reactions which may occur (reported incidence of 1% or less) are CNS 
Effects nervousness depression, restlessness. crying euphoria, floating 
hostility, unusual dreams. confusion. faintness. hallucinations. dysphoria 
feeling of heaviness numbness. tingling. unreality The incidence of 
psychotomimetic effects. such as unreality depersonalization. delusions 
dysphoria and hallucinations has been shown to be less than that which 
occurs with pentazocine Cardiovascular Hypertension. hypotension 
bradycardia tachycardia Gastrointestinal Cramps dyspepsia. bitter 
taste Respiration Depression. dyspnea asthma Dermatological Itching 
burning. urticaria Miscellaneous Speech difficulty urinary urgency. 
blurred vision. flushing and warmth Patients Dependent on Narcotics 
Patients who have been taking narcotics chronically may experience 
withdrawal symptoms upon the administration of NUBAIN If unduly 
troublesome. narcotic withdrawal symptoms can be controlled by the slow 
intravenous administration of small increments of morphine, until relief 
occurs If the previous analgesic was morphine. meperidine. codeine, or 
other narcotic with similar duration of activity one-fourth of the 
anticipated dose of NUBAIN can be administered initially and the patient 
observed for signs of withdrawal. 1e abdominal cramps. nausea and 
vomiting. lacrimation. rhinorrhea. anxiety. restlessness. elevation of 
temperature or piloerection If untoward symptoms do not occur 
progressively larger doses may be tried at appropriate intervals until the 
desired level of analgesia is obtained with NUBAIN Management of 
Overdosage The immediate intravenous administration of NARCAN 

(naloxone hydrochloride) is a specific antidote Oxygen. intravenous fluids 
vasopressors and other supportive measures should be used as indicated 
The administration of single doses of 72 mg of NUBAIN intramuscularly to 
eight normal subjects has been reported to have resulted primarily in 
symptoms of sleepiness and mild dysphoria 
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How do 

you 

handle these 
biliary 
problems? 





Postcholecystectomy 
Syndromes ! 


A Clinical Approach to Etiology, 
Diagnosis and Management 
By Clarence J. Schein, M.D. 


The only book that completely covers 
this common clinical problem 





Spans the entire spectrum of postcholecystectomy disorders. 
From fundamental considerations to surgical techniques and 
instructive capsule case studies, the author offers a helpful 
guide for solving daily clinical problems. He presents the 
methods and techniques he has found useful, together with 
their limitations and complications. Includes viewpoints of other 
expert clinicians and effective alternative methods. Copiously 
illustrated with clear diagrams, x-rays and photographs for 
maximum usefulness. 


Reviewers acclaim this unique monograph 

.. a masterly review of problems concerning the biliary 
tract. There really is nothing comparable to it in the modern 
literature. ''—American Journal of Gastroenterology. '...a 
well-organized and unbiased presentation . . . provides up-to- 
date and valuable information for general surgeons, 
gastroenterologists, and others . . .' —Annals of 
Surgery. ''.. . strongly recommended for general surgeons— 
it combines vast experience with wide reference to up-to-date 0^ 
publications." — The Lancet. ''Clear expositions of practical 
anatomy and physiology are integrated with the rationale of 
diagnostic and operative techniques, which are described in 
careful detail . . . Almost any reader will be instructed by this 
useful treatise. —Annals of Internal Medicine. 


264 Pages. 155 Figures. 1978. 14-23375. $32.50 
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East Washington Square | 
P.O. Box 1430, Philadelphia, PA 19105 

In Canada, distributed by: J. B. Lippincott Company ot Canada Ltd | 

75 Horner Avenue, Toronto. Ontario M8Z 4X7 | 


Please send me copy(ies) of POSTCHOLECYSTECTOMY 
SYNDROMES by Clarence J. Schein, M. D., @ $32.50 each 
(14-23375). 


Name 








Address 





City/State/Zip 


Payment enclosed* (save postage & handling) Y 
Charge & bill me (plus postage & handling) 
Master Charge! 1 1 1 1 1 |} | L1 411 41 I ! 
SRL I-LOIJE OG 14 | es 21 
Expiration Date __ = 


*The law requires that we collect state sales taxes where applicable. 
Please include the prescribed amount with your payment. 
Prices U.S.A. only and subject to change. 


Also available at your medical bookstore. AS 12/80 
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AN INVITATION TO EVALUATE 
AN IMPORTANT NEW ANALGESIC. - 


= 


NEW FROM SYNTEX RESEARCH 











Answers the need 
for a new mid-range 
non-narcotic oral analgesic 


HS i iii SDN, iic a 
For years, physicians have sought an analgesic al- 
ternative for use in moderate pain —an analgesic 
that would be rapid-acting and long-lasting...an 
analgesic that would offer efficacy in a broad range 
of moderate pain states, yet have little potential for 
abuse. Anaprox® (naproxen sodium) is a direct re- 
sponse to those needs. 





A rapid, peripheral-acting 
oral analgesic for the pain 
you see most often 





New Anaprox' (naproxen sodium) 275 mg tablets 
represent a significant addition to the analgesic 
armamentarium of physicians in office practice. 
Anaprox is an effective mid-range analgesic indi- 
cated for moderate pain—the kind of pain en- 
countered most often by physicians. 





An effective, 
non-narcotic, single-entity 
agent with no narcotic-type 
restrictions on refills 





Physicians will find Anaprox a welcome addition 
to their armamentarium for several reasons. First, 
Anaprox is a non-narcotic agent. This means there 
is no potential for narcotic abuse and, because it is 
not a controlled substance, there are no narcotic- 
type restrictions on refills. Secondly, Anaprox is a 
single-entity agent that has been found to be ef- 
fective by itself, making it unnecessary to use it 
with other drugs, thereby reducing the chance of 
drug interaction. 


*Anaprox is a nonsteroidal anti-inflammatory 
agent, which has been developed as an 
analgesic and possesses antipyretic properties. 


| MILD MODERATE SEVERE 











Confirmed efficacy in 
962 patients studied with 
pain of various etiologies 


Anaprox has been 
widely studied. 
Increased Pain Relief 


Anaprox efficacy has 
been demonstrated 
by such study param- 


scores confirm its eters as: 

efficacy in a broad O Reduced 

range of pain states, pain intensity 
including: O Decreased need for 
LJ Acute post- additional analgesics 


[] Increased interval 
between 
remedications 


operative pain 
L] Postpartum pain 
LJ Orthopedic pain 


Fast-acting and long-lasting 


One of the most notable features of Anaprox is its 
fast onset of action. With Anaprox, peak plasma 
levels and full therapeutic effect are reached in 
one hour. Its long half-life and up to 7-hour dura- 
tion of activity help sustain analgesia from dose 
to dose, whether administered t.i.d. or q.i.d. This 
can be especially meaningful when treating 
night-time pain. 


Decrease in Pain Intensity 
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MILD MODERATE SEVERE 
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Non-addicting, non-habituating... 
chemically unrelated to 
codeine, propoxyphene, 

and pentazocine 


Anaprox is a chemically unique analgesic which, 
as a nonsteroidal anti-inflammatory, is pharma- 
cologically unrelated to other mid-range analge- 
sics such as codeine, propoxyphene, or pentazocine. 
Anaprox is non-addicting, non-habituating, non- 
hallucinatory, and offers little likelihood of CNS 
suppression or constipation. Unlike controlled sub- 
stances, there are no narcotic-type restrictions 
on refills. 


Well tolerated by most patients 


Anaprox was well tolerated in most patients 
studied. In fact, studies showed a lower incidence 
of GI and CNS side effects when it was compared 
with aspirin. With Anaprox, the most common ad- 
verse reactions were mild GI and CNS side effects, 
which occurred in approximately 10% and 11%, 
respectively. Use with caution in patients with im- 
paired renal function. Because of adverse eye 


Rapid Absorption. Mean Plasma Level of 16 Patients. 


Plasma levels y/ml 
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Please see full Prescribing Information on last page. 
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AN EFFECTIVE, NON-NARCOTIC, 
SINGLE-ENTITY ANALGESIC. 


changes with NSAIs, periodic ophthalmic studies 
should be carried out. Peripheral edema has been 
observed in some patients. Because of its antipyre- 
tic properties, it should be kept in mind that 
Anaprox may mask the signs and symptoms of in- 
fection. (Before prescribing, please see warnings, 
precautions, and adverse reactions sections of 
Prescribing Information. ) 

Anaprox should not be used concomitantly with 
the related drug Naprosyn’ (naproxen), since both 
circulate in plasma as the naproxen anion and 
have the same side effects. 


Evaluate Anaprox yourself... 
in your patients... 
in your practice 


Ultimately, the value of any analgesic can only be 
determined after actual use and evaluation. Syntex 





invites you to put Anaprox’ (naproxen sodium) to 
the test yourself—in your patients, in your prac- 
tice. Assess its efficacy; observe how well it is tol- 
erated; compare its overall worth to traditionally 
used analgesics. 


Use Anaprox in place 
of codeine combinations and 
propoxyphene formulations 


Anaprox represents a logical substitute for such 
commonly used mid-range analgesics as codeine 
combinations and propoxyphene formulations. 
Anaprox, on the other hand, is non-narcotic and 
single-entity. It offers predictable efficacy in mod- 
erate pain with no potential for narcotic side 
effects or abuse. Anaprox is a nonsteroidal anti- 
inflammatory agent, which has been developed as 
an analgesic and possesses antipyretic properties. 





(NAPROXEN SODIUM) 


275 mg tablets 






® 





MID-RANGE EFFICACY, WIDE-RANGE USEFULNESS. 





A one-week trial 
can convince you 
of its value 





Use Anaprox in your own practice for at least one 
week. Use it in a broad range of moderate pain 
states, in a representative number of patients. Use 
it in place of combination analgesics and narcotic 
agents you currently use for moderate pain. Af- 
ter a period of evaluation, Syntex believes you 
will come to appreciate the clinical usefulness of 
Anaprox. 





THE ANAPROX 
PATIENT TRIAL KIT 


Syntex is providing evaluation kits designed to 
help you make your Anaprox trials successful. 
Each Anaprox Patient Trial Kit contains everything 
you'll need to evaluate Anaprox thoroughly in 
your own practice. 





CO Samples for trial use 





O Pharmacologic information 





O Physician guidelines 
for trial therapy 


|] Patient diaries 


[ ] Evaluation forms 
for conclusions reached 














See your Syntex 
representative to receive 
your personal 
Anaprox Patient Trial Kit 





If you would prefer to begin prescribing Anaprox 
immediately, or if you would like further informa- 
tion about this important new analgesic, please 
contact your Syntex representative. 








NEW FROM SYNTEX RESEARCH isvwrex 


Please see full Prescribing Information on last page. 





NEW 205 mg tablets 
ANAPROX 
(NAPROXEN SODIUM) 


Fast, effective, non- 
narcotic, single-entity 
analgesia. 








UD UILT 


NDC 18393-274-62 


ANAPROX* 


275 mq. Tablets 





Description: ANAPROX filmcoated tablets for oral admin- 
istration each contain 275 mg of naproxen sodium, which is 
equivalent to 250 mp naproxen with 25 mp (about 1 mEq) 
sodium. It is related to the arylacetic acid class of drugs. 
ANAPROX is a non-narcotic analgesic agent with anti- 
inflammatory and antipyretic actions. These properties 
have been demonstrated in classical animal test systems. 

The chemical name of naproxen sodium is (—)-sodium 
2-(6-methoxy-2- naphthyl) propionate. 

Naproxen sodium is a white to creamy white, crystalline 
sclid, freely soluble in water. 

Clinical lage saci pie sodium is rapidly and 
completely absorbed from the gastrointestinal tract. After 
administration of naproxen sodium, peak plasma levels of 
naproxen anion are attained at 1-2 hours. The mean biolog- 
ical half-life of the anion in humans is approximately 1 
hours, and at therapeutic levels it is greater than 99% al- 
bumin bound. Approximately 9596 of the dose is excreted 
in the urine, primarily as naproxen, 6-0-desmethyl na- 
roxen or their conjugates. The rate of excretion has been 
ound to coincide closely with the rate of drug disappear- 
ance from the plasma. The drug does not induce metaboliz- 
ing enzymes. Naproxen anion inhibits prostaglandin syn- 
thesis but beyond this its mode of action is unknown. 

The drug was studied in patients with mild to moderate 
pain, and pain relief was obtained within 1 hour. It is not a 
narcotic and is not a CNS-acting drug. Controlled 
deuble-blind studies have demonstrated the analgesic 
properties of the drug in, for example, post-operative, 
post-partum, orthopedic and uterine contraction pain and 
dysmenorrhea. In dysmenorrheic patients, the drug re- 
duces the level of prostaglandins in the uterus, leading to a 
reduction in the frequency and severity of uterine contrac- 
tions. Analgesic action has been shown by such measures 
as reduction of pain intensity scores, increase in pain relief 
scores, decrease in numbers of patients requiring addi- 
tional analgesic medication, and delay in time for required 
remedication. The analgesic effect has been found to last 
fcr up to 7 hours. 

The drug was studied in patients with rheumatoid 
arthritis and osteoarthritis. It is not a corticosteroid. 
Improvement in patients treated for rheumatoid arthritis 
has been demonstrated by a reduction in joint swelling, 
a reduction in pain, a reduction in duration of mornin 
stiffness, a reduction in disease activity as assessed by bot 
the investigator and patient, and by increased mobility as 
demonstrated by a reduction in walking time. 

In patients with osteoarthritis, the therapeutic action of 
the drug has been shown by a reduction in joint pain or 
tenderness, an increase in range of motion in knee joints, 
increased mobility as demonstrated by a reduction in walk- 
ing time, and improvement in capacity to perform activities 
of daily living impaired by the disease. 

In clinical studies in patients with rheumatoid arthritis 
and osteoarthritis, the drug has been shown to be compa- 
rable to aspirin in controlling the aforementioned meas- 
ures of disease activity, but the frequency and severity of 
the milder gastrointestinal adverse effects (nausea, dys- 

epsia, “heartburn) and nervous system adverse effects 
tinnitus, dizziness, light-headedness) were less than in 
the aspirin-treated patients. It is not known whether the 
drug causes less peptic ulceration than aspirin. 

The drug may be used safely in combination with gold 
salts and/or corticosteroids; however, in controlled clinical 
trials, when added to the regimen of patients receiving cor- 
ticosteroids it did not appear to cause greater improvement 
over that seen with corticosteroids alone. Whether the 
drug could be used in conjunction with partially effective 


doses of corticosteroid for a “steroid-sparing” effect has 
not been adequately studied. When added to the regimen 
of patients receiving gold salts, the drug did result in 
reater improvement, lts use in combination with salicy- 
ates is not recommended because data are inadequate to 
demonstrate that the drug produces greater improvement 
over that achieved with aspirin alone. Further, there is 
some evidence that aspirin increases the rate of excretion 
of the drug. 
Generally, improvement due to the drug has not been 
found to be dependent on age, sex, severity or duration of 
disease. 

In *Cr blood loss and gastroscopy studies with normal 
volunteers, daily administration of 1100 mg of ANAPROX" 
(naproxen sodium) has been demonstrated to cause statis- 
tically significantly less gastric bleeding and erosion than 
3250 mg of aspirin. 

Indications and Usage: ANAPROX* (naproxen sodium) 
is indicated in the relief of mild to moderate pain and for 
the treatment of primary dysmenorrhea. 

It is also indicated for the treatment of the signs and 
symptoms of rheumatoid arthritis and osteoarthritis. 

The safety and effectiveness of the drug in children have 
not been established. 

Contraindications: Naproxen sodium is contraindicated in 
patients who have shown hypersensitivity to it. Because 
the potential exists for cross-sensitivity reactions, it should 
not be pe to patients in whom aspirin or other non- 
steroidal, anti-inflammatory drugs induce the syndrome of 
asthma, rhinitis, or urticaria. 

Warnings: Gastrointestinal bleeding, sometimes severe, 
and occasionally fatal, has been reported in patients receiv- 
ing the drug. Among 960 patients treated br rheumatoid 
arthritis or osteoarthritis during the course of clinical trials 
in the United States (260 treated for more than two vears), 
16 cases of peptic ulceration were reported. More than half 
were on concomitant corticosteroid and/or salicylate 
iui and about a third had a prior history of peptic 
ulcer. Gastrointestinal bleeding, including nine potentially 
serious cases, was also reported in this population. These 
were not always preceded by premonitory gastrointestinal 
symptoms. Although most of the patients with serious 
bleeding were — concomitant therapy and had a 
history of peptic ulcer disease, it should be kept in mind 
that the drug also has the potential for causing gastrointes- 
tinal bleeding on its own. Therefore, it should Es adminis- 
tered to patients with active gastric and duodenal ulcers 
only under close supervision. 


Precautions: General: ANAPROX® (NAPROXEN SODI- 
UM) SHOULD NOT BE USED CONCOMITANTLY WITH 
THE RELATED DRUG NAPROSYN* (NAPROXEN) SINCE 
THEY BOTH CIRCULATE IN PLASMA AS THE NA- 
PROXEN ANION. 

Because of adverse eye findings in animal studies with 
drugs of this class, it is recommended that ophthalmic 
studies be carried out within a reasonable period of time 
after starting therapy and at periodic intervals thereafter if 
the drug is to be used for an extended period of time. 

In chronic studies in laboratory animals, the drug has 
caused nephritis. Glomerular nephritis, interstitial neph- 
ritis and nephrotic syndrome have been reported. Since 
the drug is eliminated to a large extent from the body by 
urinary excretion via glomerular filtration, this dru 
should be used with great caution in patients with signifi- 
cantly impaired rena! function and the monitoring of 
serum creatinine and/or creatinine clearance is advised in 
these patients. In clinical trials a few patients developed 
mild elevations in BUN accompanied by no other signs and 
symptoms. 

If steroid ine o is reduced or eliminated durin 
therapy, the steroid dosage should be reduced slowly an 
the patients must be observed closely for any evidence of 
adverse effects, including adrenal insufficiency and 
exacerbation of symptoms of arthritis. 

Patients with initial hemoglobin values of 10 grams or 
less who are to receive long-term therapy should have 
hemoglobin values determined frequently. 

Peripheral edema has been observed in some patients. 

Since each de gem sodium tablet contains approximately 
25 mg (about 1 mEq) of sodium, this should be considered 
in patients whose overall intake of sodium must be mark- 
edly restricted. It is possible that patients with question- 
able or dope veia cardiac function may be at a greater 
risk when taking the drug. 
Information for Patients: Caution should be exercised by 
patients whose activities require alertness if they experience 
drowsiness, dizziness, vertigo or depression during 
therapy with the drug. 


Drug Interactions: In vitro studies have shown that na- 
proxen anion, because of its affinity for protein, may dis- 
place from their binding sites other drugs which are also 
albumin-bound. Theoretically, the naproxen anion itself 
could likewise be displaced. Short-term controlled studies 
failed to show that taking the drug significantly affects 
prothrombin times when administered to individuals 
on coumarin-type anticoagulants. Caution is advised 
nonetheless, since interactions have been seen with other 
nonsteroidal agents of this class. Pipile patients receiv- 
ing the drug and a repris sulfonamide or sulfonylurea 
should be observed for signs of toxicity to these drugs. 

Probenecid given concurrently increases naproxen anion 
plasma levels and extends its plasma half-life significantly. 
Drug/Laboratory Test Interactions: The drug may de- 
crease platelet aggregation and prolong bleeding time. This 
effect should be kept in mind when bleeding times are 
determined. 

The administration of the drug may result in increased 
urinary values for 17-ketogenic steroids because of an in- 
teraction between the drug and/or its metabolites with 
m-dinitro-benzene used in this assay. Although 17- 
hydroxy- corticosteroid measurements (Porter-Silber test) 
do not appear to be artifactually altered, it is suggested 
that therapy with the drug be temporarily discontinued 
72 hours before adrenal function tests are performed. 

The drug may interfere with some urinary assays of 
5-hydroxy indoleacetic acid (SHIAA). 

Carcinogenesis: A two-year study was performed in rats to 
evaluate the carcinogenic potential of the drug. No evi- 
dence of carcinogenicity was found. 


Pregnancy: Teratogenic Effects: Pregnancy Category B. 
Reproduction studies have been performed in rats, rabbits 
and mice at doses up to six times the human dose and 
have revealed no evidence of impaired fertility or harm to 
the fetus due to the drug. There are, however, no adequate 
and well-controlled tunics in pregnant women. Becauee 
animal reproduction studies are not always predictive of 
human response, the drug should not be used during 
pregnancy unless clearly needed. 

on-teratogenic Effects: In rats, pregnancy was pro- 
longed when the —: was given before the onset of labor; 
where it was given after the delivery process had begun, 
labor was protracted. ` 
Nursing Mothers: Caution should be exercised if the drug 
is administered to a nursing woman since the naproxer* - 
anion has been found in the milk of lactating women at a 
concentration of approximately 196 of that found in the 
plasma. 
Pediatric Use: Pediatric indications and dosage have not 
been established. 
Adverse Reactions: Adverse reactions reported in con- 
trolled clinical trials in 960 patients treated for rheumatoid 
arthritis or osteoarthritis are listed below. In general, these 
reactions were reported 2 to 10 times more frequently than 
they were in studies in the 962 patients treated for mild to 
moderate pain or for dysmenorrhea. 
Incidence Greater Than 1%: Gastrointestinal: The most 
frequent complaints reported related to the gastrointestinal 
tract. They were: constipation,* heartburn,* abdominal 
pain,* nausea,* dyspepsia, diarrhea, stomatitis. 
Central Nervous System: Headache,* dizziness,* drowsi- 
ness,* lightheadedness, vertigo. 
Dermatologic: Itching (Pruritis),* skin eruptions,* ecch¥- 
moses,* sweating, purpura. 
Special Senses: Tinnitus,* hearing disturbances, visual dis- 
turbances. 
Cardiovascular: Edema,* dyspnea,* palpitations. 
General: Thirst. 
*Incidence of reported reaction between 396 and 996. Those 
reactions occurring in less than 396 of the patients are 
unmarked. 
Incidence Less than 1%: Probable Causal Relationship: Tit 
following adverse reactions were reported less frequen 
than 196 during controlled clinical trials and through vol- 
untary reports since marketing. The probability of a causal 
relationship exists between the drug and these adverse 
reactions: congestive heart failure, renal disease, glomeru- 
lar nephritis, interstitial nephritis, nephrotic syndrome, 
abnormal liver function tests, hematuria, jaundice, throm- 
Dort open. leukopenia, granulocytopenia, gastroin- 
testinal bleeding, peptic ulceration with bleeding and/or 
perforation, hematemesis, melena, vomiting, eosino- 
philia, pyrexia (chills and fever), skin rashes, menstrual dis- 
orders, myalgia and muscle weakness, alopecia, inability 
to concentrate, depression, malaise, dream abnormalities. 
Causal Relationship Unknown: Other reactions have been 
reported in circumstances in which a causal relation- 
ship could not be established. However, in these rarely re- 
ported events, the possibility cannot be excluded. Therefore 
these observations are being listed to serve as alerting 
information to the physicians: angioneurotic edema, ag- 
ranulocytosis, aplastic anemia, hemolytic anemia, hypo- 
glycemia, hyperglycemia, urticaria. 
Overdosage: ij uen n overdosage may be characterized 
by drowsiness, heartburn, indigestion, nausea or vomiting. 
Because naproxen sodium may be rapidly absorbed, hig 
and early blood levels should be anticipated. No evidence 
of toxicity or late sequelae have been reported 5 to 15 
months after ingestion for three to seven days of doses 
equivalent to up to 3,300 mg of naproxen sodium. One pa- 
tient ingested a single dose equivalent to 27.5 g of naproxen 
sodium and experienced mild nausea and indigestion. It is 
not known what dose of the drug would be life threaie 
ing. The oral LD;, of the drug is 543 mg/kg in rats, 1234 
mg/kg in mice, 4110 mg/kg in hamsters and greater than 
1000 mg/kg in dogs. 

Should à patient ingest a large number of tablets, acci- 
dentally or purposefully, the stomach may be emptied and 
usual supportive measures employed. Animal studies 
suggest that the prompt administration of 5 grams of acti- 
vated charcoal would tend to reduce markedly the absorp- 
tion of the drug. It is not known if the drug is dialyzable. 
Dosage and Administration: For Mild to Moderate Pain 
and Dysmenorrhea: The recommended starting dose is 
two 275 mg tablets, followed by one 275 mg tablet every 6 
to 8 hours, as required. The total daily dose should not ex- 
ceed 5 tablets (1,375 mg) 

For Rheumatoid Arthritis and Osteoarthritis: The recom- 
mended starting dose in adults is one 275 mg tablet twice 
daily (morning and evening) or one 275 mg tablet in the 
morning and two 275 mg tablets in the evening. During 
long-term administration, the dose may be adjusted up or 
down depending on the clinical response of the patient. A 
lower daily dose may suffice for long-term administration. 
Daily doses higher than 1100 mg in these indications have 
not been studied. The morning and evening doses do not 
have to be equal in size and the administration of the drug 
more frequently than twice daily is not necessary. 
Symptomatic improvement in arthritis usually begin 
within two weeks. However, if improvement is not see 
within this period, a trial for an additional two weeks» 
should be considered. 
How Supplied: ANAPROX® (naproxen sodium) is availabl 
in filmcoated tablets of 275 mg (light blue), in bottles of 
100 tablets (NDC 18393-27442) and 500 tablets (NDC 
18393-274-62). Store at room temperature in well-close 
containers. 
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The Use of Preoperative Plasma CEA Levels for the 
Stratification of Patients After Curative Resection 


of Colorectal Cancers 


ROBERT GOSLIN, M.D., GLENN STEELE, JR., M.D., JOHN MACINTYRE, PH.D., ROBERT MAYER, M.D., 
PAUL SUGARBAKER, M.D., KATHRYN CLEGHORN, B.S., RICHARD WILSON, M.D., NORMAN ZAMCHECK, M.D. 


One hundred forty-five patients with colorectal cancer were 
analyzed in order to correlate the preoperative plasma 
carcinoembryonic antigen (CEA) levels with the sites and times 
of disease recurrence. The median follow-up periods of these 
patients was 50 months (range 36-72 months). Twenty-one 
patients were found to have metastases at the time of their 
operation. None of the seven patients whose primary tumors 
were classified as Dukes/Kirklin A have had tumor recurrence. 
Seventeen per cent of the patients with Dukes/Kirklin B tu- 
mors have had tumor recurrences, and 63% of the patients 
with Dukes/Kirklin C colorectal primary tumors have had 
tumor recurrence. No correlation was found between pre- 
operative CEA values and subsequent risk of tumor recur- 
rence or times to recurrence among the patients with 
Dukes/Kirklin B colorectal primary cancers. In Dukes/Kirklin 
C patients, however, elevated preoperative CEA values pre- 
dicted a higher risk of tumor recurrence. Ninety per cent 
of the patients (19/21) with preoperative CEA levels greater 
than 5.0 ng/ml have had relapses, with a median time of 17 
months before disease recurrence. Only 39% (9/23) of the pa- 
tients with Dukes/Kirklin C lesions and CEA levels less than 
5 ng/ml have had relapses and there is insufficient follow-up 
data as yet to determine the median survival time. If those 
patients whose Dukes/Kirklin C primary tumors were poorly 
differentiated on histologic examination are excluded, the 
contrast between patients having CEA levels greater than 
5.0 ng/ml and those having CEA levels less than 5 ng/ml is 
even more marked. Sixteen of the 18 remaining patients 
whose CEA levels were greater than 5.0 ng/ml prior to cura- 
tive resection have had relapses as compared with only three of 
15 patients whose preoperative CEA values were less than 5. 
We conclude, therefore, that CEA is an important factor in 
stratifying patients after curative resection of their Dukes/ 
Kirklin C colorectal tumors. 


OLORECTAL CANCER CONTINUES to afflict more 
C men and women than other visceral malignancies. ! 
At present, surgical resection is the only effective 
method of treatment. Because 40-50% of the patients 
still die of recurrent disease, many adjuvant trials with 
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both chemotherapy and radiation therapy have been 
undertaken in an effort to improve the cure rate. 

The Dukes/Kirklin classification, based on the char- 
acteristics of tumor spread through the colon wall to 
regional lymph nodes, has been considered the most 
important factor in determining prognosis.2~4 Most 
adjuvant trials have been stratified by anatomic loca- 
tion and by Dukes/Kirklin classification. Other factors 
thought to be of prognostic value include degree of 
tumor differentiation, invasion of adjacent organs, 
blood vessel invasion, total number of lymph nodes 
involved with cancer, and age.? Several reports sug- 
gest that the preoperative plasma carcinoembryonic 
antigen (CEA) level is also helpful in predicting 
prognosis.* ° The purpose of this study was to confirm 
the use of preoperative CEA levels in establishing 
prognoses, in predicting relapses, and, therefore, in 
stratifying patients selected for adjuvant trials of 
chemotherapy. 


Materials and Methods 


Patients 


Between 1972 and 1976, 145 patients had operations 
for colorectal cancer at the Peter Bent Brigham Hos- 
pital. One hundred twenty-one patients received 
"curative" resections for their disease, with follow-up 
data available for 113 patients. The tumor locations 
were: rectum (39 patients), sigmoid colon (53 pa- 
tients), left colon (16 patients), transverse colon 
(eight patients), and right colon (29 patients). The 21 
patients with Dukes D lesions underwent resections 
to achieve local control. All patients had preoperative 
liver function tests and liver scans, as well as serial 
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TABLE 1. Relation of CEA and Stage of Disease 


CEA (ng/ml) 
Number of 
Stagé Patients 0-2.5 2.5-5.0 5.1-10.0 10.1-20 >20 
Dukes A 7 5 2 — — — 
Dukes B 71 48 12 5 3 3 
Dukes C 46 19 6 8 7 6 
Dukes D 21 5 2 2 3 9 


postoperative CEA level and liver function tests (ob- 
tained at a minimum of every four months). Postoper- 
ative barium enemas and liver scans were obtained on 
most patients on a yearly basis, and diagnostic results 
with this regimen have been described in detail 
elsewhere.?.!? 


Pathologic Staging 


The tumor specimens were histologically classified 
into well differentiated (34 specimens), moderately- 
well differentiated (88 specimens), or poorly differ- 
entiated (23 specimens) groups and assigned a Dukes/ 
Kirklin classification. ? Dukes/Kirklin A lesions were 
mucosal. Dukes/Kirklin B lesions eroded into mus- 
cularis (B-1) or through to the serosa (B-2). Dukes/ 
Kirklin C lesions represented spread to lymph nodes. 
Dukes/Kirklin C-1 lesions eroded into the muscularis 
and had positive lymph nodes while Dukes/Kirklin C-2 
lesions eroded through to the serosa and had positive 
lymph nodes. Dukes/Kirklin D lesions refer to spread 
of the disease to other organs or peritoneal extension. 
Of the 145 cases analyzed, there were seven cases of 
Dukes/Kirklin A, 71 cases of Dukes/Kirklin B (22 cases 
of B-1, 49 cases of B-2), 46 cases of Dukes/Kirklin 
C (45 cases of C-2, one case of C-1), and 21 cases of 
Dukes/Kirklin D patients. 


CEA Assay 


CEA assays were performed by the Hansen Z-gel 
method at the Mallory Gastrointestinal Research 
laboratory.’ 


Results and Discussion 


Relationship of Preoperative CEA Levels and Stage 
of Disease (Table 1) 


Plasma CEA levels increased progressively with the 
stages of disease. Of the seven patients with Dukes/ 
Kirklin A lesions, only two had elevated CEA levels 
and these were less than 5.0 ng/ml. Only 11 of 71 pa- 
tients (15%) with Dukes/Kirklin B lesions had CEA 
levels greater than 5.0. Twenty-one of 46 (46%) pa- 
tients with Dukes/Kirklin C lesions had CEA levels 
greater than 5.0, compared with 14 of 21 patients 
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(67%) with Dukes/Kirklin D lesions who had CEA levels 
greater than 5.0 ng/ml at the time of diagnosis. 


Correlation Between the Properative CEA Level 
and Disease Recurrence 


Of the 124 patients operated on with curative intent, 
none of the patients whose primary tumors were 
Dukes/Kirklin A lesions have had a relapse. Seven- 
teen per cent of those patients with Dukes/Kirklin B 
lesions and 63% of the patients with Dukes/Kirklin 
C lesions have had tumor recurrence. All patients 
who underwent primary tumor resection for cure were 
analyzed to see if preoperative CEA values predicted 
subsequent relapses. Six patients whose primary tu- 
mors were classified as Dukes/Kirklin B and two pa- 
tients whose primary tumors were classified as Dukes/ 
Kirklin C were lost to follow-up study. Among the 
patients with Dukes/Kirklin B tumors, nine of 55 pa- 
tients (16%) who had preoperative CEA levels less 
than 5.0 ng/ml have had tumor recurrences, while 
two of ten patients (20%) who had CEA levels less 
than 5.0 ng/ml have had tumor recurrences. Preopera- 
tive CEA values did not, therefore, predict the risk of 
recurrence or the time to recurrence in this group of 
patients, and there was no difference in the tumor 
recurrence rate between B-1 and B-2 patients. These 
results differ from those published by Wanebo et al.,’ 
who reported that 44% of their patients with pre- 
operative CEA levels greater than 5.0 ng/ml were 
disease-free 30 months after curative resection of 
Dukes/Kirklin B primary tumors, as opposed to 7846 of 
their patients with preoperative CEA levels less than 
5.0 ng/ml who were disease-free 30 months after 
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FıG. 1. Time to recurrence in patient with Dukes/Kirklin B lesions. 
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TABLE 2. Relation of Stage and Recurrence 
l————————— ——— ÁQ'——— 


Number of 
Number of Tumor 
Stage Patients Recurrences 
l—————————— a N a 
Dukes A 7 0(0) 
Dukes B ZI" 11(17) 
Dukes C 46* 28(63) 





* Inadequate follow-up on six Dukes B patients and two Dukes C 
patients. 
Numbers in parentheses indicate per cent. 


curative resection. Our overall disease-free survival 
rate of 86.2% at 36 months, though better than that 
reported by Wanebo (Fig. 1), is probably not statisti- 
cally significant. ft is not clear whether this improved 
rate is due to selection factors, more aggressive sur- 
gery, different pathologic staging, or a combination of 
these factors. Nevertheless, the consequence of this 
high disease-free survival would be a decrease in the 
ability of any preoperative discriminant to predict dif- 
ferences in time to recurrences due to the limited num- 
ber of failures available in the Dukes/Kirklin B group. 

Sixty-three per cent of the patients whose Dukes/ 
Kirklin C primary colorectal cancers were resected 
for cure have had tumor recurrences (Table 2). Among 
this group, the recurrence rate and time to recurrence 
correlated with preoperative CEA values (p — 0.005, 
log rank test). Ninety per cent (19/21) of the patients 
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with Dukes/Kirklin C lesions and CEA levels greater 
than 5.0 ng/ml before primary tumor resection have had 
tumor recurrences, with a median time to recurrence of 
17 months. Only 39% (9/23) of the patients with Dukes/ 
Kirklin C tumors and preoperative CEA values of less 
than 5 ng/ml have had tumor recurrences, with in- 
sufficient follow-up data to determine the median as 
yet (Fig. 2). Six of nine of these patients who had 
recurrence of their tumors had poorly differentiated 
tumors (Fig. 3). These tumors may produce less CEA"? 
and, therefore, preoperative CEA values may not be an 
adequate discriminant for the extent of disease at pre- 
sentation or subsequent prognosis.'?:^ If those patients 
whose primary tumors showed poorly differentiated 
disease are excluded, the value of preoperative CEA 
becomes even clearer. Sixteen of 18 patients whose pre- 
operative CEA levels were greater than 5.0 ng/ml have 
had tumor recurrences, compared with only three of 15 
patients whose preoperative CEA levels were less than 
5.0 ng/ml. This reflects a significant difference (p 
< 0.005) in recurrence times for the two groups. 

In order to assess the prognostic value of preopera- 
tive plasma CEA levels with respect to tumor recur- 
rence while simultaneously adjusting for the effects of 
other prognostic factors, a Cox proportional hazard 
model was employed.'? In this way, we were able to 
determine whether CEA levels provide more prog- 
nostic information than other prognostic indicators. 
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Fic. 3. Distribution of plasma CEA values in patients with 
Dukes/Kirklin C lesions. A: poorly differentiated histology. O: 
moderately-well differentiated histology. 


The other prognostic indicators included location 
(colon versus rectum), age (<60 years versus >60 
years), size of the largest dimension of the tumor (<5.0 
cm versus $5.0 cm), differentiation (poorly differ- 
entiated versus moderately-well differentiated), and 
the number of positive lymph nodes (1—4 nodes ver- 
sus >4 nodes). In this relatively small sample of 
Dukes C patients under consideration, only location 
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and differentiation had statistically significant asso- 
ciations with time to recurrence (p = 0.1 and p = 0.2, 
respectively). After adjustment for these two factors, it 
was found that patients whose preoperative CEA levels 
were less than 5.0 ng/ml tended to have longer disease- 
free intervals than those with larger preoperative 
CEA levels (p — 0.001). 

Therefore, in both poorly differentiated and well 
differentiated Dukes/Kirklin C colorectal tumors, an 
elevated CEA value prior to resection of the primary 
tumor remains a poor prognostic sign, but a CEA value 
of less than 5 ng/ml prior to resection of a poorly 
differentiated Dukes/Kirklin C tumor is not particularly 
helpful, since CEA values are poor markers in poorly 
differentiated colorectal tumors. A CEA value of less 
than 5.0 ng/ml prior to curative resection in patients 
with well or moderately-well differentiated Dukes/ 
Kirklin C primary tumors is a good prognostic sign, 
and CEA determination should, therefore, be included 
as a factor in stratifying patients for future adjuvant 
trials. 

The recurrence rate of 90% for patients with Dukes/ 
Kirklin C tumors and CEA levels greater than 5.0 
ng/ml emphasizes the ineffectiveness of operation 
alone in controlling disease in this group of patients. 
Future adjuvant trials should be directed toward this 
group of high risk patients in an effort to improve this 
survival, and more aggressive therapy, with increased 
morbidity rates, may be necessary to accomplish this. 
This is justifiable only when the risk of recurrence is 
predictable and CEA enhances our ability to predict 
recurrence. 


Relation Between Mean Preoperative CEA Levels and 
Recurrence Time 


No significant correlation was found between the 
degree of CEA elevation, preoperatively, and the 
disease-free interval among the entire study group, or 
within each Dukes/Kirklin class. We were unable to 


TABLE 3. Site of Recurrence and CEA Level at the Time of Recurrence 














CEA (ng/ml) 
Number of CEA Level 

Site Patients Unavailable 0-2.5 2.6— 5.0 5.1- 10 10.1—20 220 >100 
Pelvis 12 l 3(1) 3(1) — 2 2 2 
Abdomen 7 2 2(2) — — 2 l — 
Lung 7 l — 2(1) 3 — | — 
Liver and pelvis 4 — — — — — l 3(1) 
Liver only 3 — — -— — — 2 l 
Liver and abdomen 2 — 1(1) — — l — — 
Other 3 — I(1) — 2(1) -- — — 
Total 39 7(5) 4(2) S(1) 3 7 6(1) 


. Numbers in parentheses indicate the number of poorly differentiated lesions. 
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establish a statistically significant correlation between 
increased CEA values before tumor resection and 
decreased times to recurrence, as Wanebo et al. re- 
ported in their series.‘ 

There was no correlation in this group of patients 
between the preoperative CEA levels and the ultimate 
sites of recurrences. As might be expected, the site of 
recurrence was most obviously related to the site of 
the primary lesion. Rectal carcinomas recurred more 
frequently in the pelvis, with the liver being the next 
most frequent site. Table 3 summarizes the plasma 
CEA values obtained at the time of recurrence in 
relation to the site of recurrence. 


Conclusion 


We have found that plasma CEA values obtained 
prior to resection of Dukes/Kirklin C primary colorectal 
adenocarcinomas can predict patients at high risk of 
disease recurrence. A normal preoperative CEA level 
in a patient with a Dukes/Kirklin C, well differentiated 
primary adenocarcinoma is a good prognostic sign and 
CEA should, therefore, be included as an important 
prognostic factor in the stratification of patients for 
future adjuvant therapy. CEA is a poor marker for 
poorly differentiated tumor, however, and thus a low 
preoperative plasma CEA level in a patient with a 
poorly differentiated colorectal cancer remains in- 
conclusive. 
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Chronic Idiopathic Intestinal Pseudo-obstruction 


A Surgical Approach 


MICHAEL D. SCHUFFLER, M.D., EDWIN A. DEITCH, M.D. 


Chronic idiopathic intestinal pseudo-obstruction is an in- 
creasingly recognized syndrome in which patients usually 
present with an acute or chronic history suggestive of in- 
testinal obstruction, although no obstructing lesion is found 
at surgery. The diagnosis can be suspected in most cases 
from the clinical presentation. A diagnostic evaluation should 
be undertaken and exploratory laparotomy avoided if the 
diagnosis is confirmed on the basis of the radiographic 
and manometric data. If, in the acute presentation, exploratory 
laparotomy proves unavoidable, and dilated, nonmechanically 
obstructed bowel is found, a full-thickness biopsy specimen 
should usually be taken and the abdomen closed. A care- 
fully chosen, palliative procedure should be reserved for pa- 
tients who have well defined clinicoanatomic patterns of 
involvement, and who are incapacitated by their symptoms 
despite medical management. 


NTESTINAL PSEUDO-OBSTRUCTION is a clinical syn- 

drome characterized by signs and symptoms of 
mechanical obstruction without a mechanical origin 
present.*'* The most common type of pseudo-obstruc- 
tion is the acute variety, which has many synonyms — 
paralytic ileus, postoperative ileus and spastic ileus. 
Acute pseudo-obstruction is usually self-limited and 
related to operative procedures or acute illnesses, 
such as pancreatitis, cholecystitis, pneumonia or 
myocardial infarction. Chronic intestinal pseudo- 
obstruction is much less common and, although it 
may be secondary to a known systemic disease, such 
as progressive systemic sclerosis or amyloidosis, it is 
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often idiopathic. In the latter case it is called chronic 
idiopathic intestinal pseudo-obstruction (CIIP). 

Regardless of cause of CIIP, its pathophysiology 
involves loss of coordinated intestinal propulsive 
motility, often throughout the gastrointestinal tract.’ 
Although no identifiable disease is present in some pa- 
tients,*?'?7 the smooth muscle or myenteric plexus 
contain morphologic abnormalities in most patients. 
In addition, many cases are familial. Hereditary 
hollow visceral myopathy and familial visceral myop- 
athy are two terms which delineate a form of CIIP 
caused by smooth muscle degeneration and which is 
transmitted as an autosomal dominant trait.^^? Two 
other forms of CIIP are caused by degeneration of 
the myenteric plexus. One form of CIIP is familial, 
involves the central and peripheral nervous systems 
as well as the intestinal nervous system, and is marked 
by the presence of an eosinophilic intranuclear 
inclusion.22 The other form is not familial, involves 
only the intestinal nervous system, and intranuclear 
inclusions are absent.? The former is called familial 
visceral neuropathy and the latter is called sporadic 
visceral neuropathy. 

Medical management of CIIP is difficult because 
there is no drug which can restore normal propulsive 
motility. Anorexia, vomiting, and malabsorption are 
common and lead to such significant weight loss that 
some patients must be placed on home parenteral 
nutrition. 

Many patients undergo laparotomy either because 
CIIP is not diagnosed or because a palliative pro- 
cedure is attempted.*!?!* Despite the fact that these 
patients often undergo surgery, little is written about 
CIIP in the surgical literature. The purpose of this 
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paper is to review our experience with 15 patients 
having CIIP. From this experience and a review of the 
literature, we suggest some guidelines which, one 
would hope, will help in the surgical management of 
this difficult syndrome. 


Patient Population and Case Histories 


Thirty patients with chronic intestinal pseudo- 
obstruction were studied between January 1972 and 
November 1979. Of these, 14 patients had scleroderma 
and one patient had sclerosing mesenteritis. The 
other 15 patients had various types of CIIP and are 
the subjects of this report. The diagnosis of CIIP 
was made in patjents with no recognized underlying 
` disease, who presented with chronic obstructive 
symptoms. The possibility of mechanical obstruction 
was ruled out by surgical, autopsy or radiographic 
examinations. Radiographs of the small bowel dem- 
onstrated dilatation of the duodenum and/or small 
intestine in all patients, and of 13 patients who had 
esophageal manometric evaluation, 11 patients had 
aperistalsis. 

In eight of the 15 patients, adequate tissue was 
available for detailed histologic study. Five patients 
had hollow visceral myopathy”; two patients had 
familial visceral neuropathy,? and one patient had 
sporadic visceral neuropathy.? Of the other seven 
patients, one had diffuse jejunal diverticulosis and the 
other six patients had either no tissue or insufficient 
tissue available to make a specific pathologic diagnosis. 

Despite the various histologic factors, the clinical 
picture was similar for the 15 patients. The duration 
of obstructive symptoms varied from two to 57 years. 
All patients experienced recurrent episodes of vomit- 
ing and 14 of these 15 patients had attacks of abdominal 
distension and pain. Abdominal distention was some- 
times equal to the size of a full term pregnancy. 
Ten patients had diarrhea and 11 patients had con- 
stipation; any patient could have alternating diarrhea 
and constipation, or diarrhea during one period of 
life and constipation in another. Six patients had dys- 
phagia, whereas only one had pyrosis. Two patients 
had symptoms of urinary retention from concomitant 
bladder involvement. 

Physical findings included abdominal distention, in 
nine of 13 patients, and succussion, in seven of nine 
patients. The patients weighed an average of 43.7 kg 
(range: 22—59 kg except for 1 patient who weighed 83 
kg). Excluding this latter patient, all the patients 
lost an average weight of 21 kg (range: 6—48 kg). 

Although most patients presented with multiple 
gastrointestinal symptoms, it was often possible to 
identify one or two dominant complaints in individual 
patients. By correlating the dominant complaints with 
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Fic. 1. Dilated, atonic duodenum, characteristic of gastroduodenal 
predominence (case 4). 


radiographic and surgical findings, we identified four 
clinicoanatomic patterns of CIIP. These patterns were 
I) esophageal, in which dysphagia predominated: 2) 
gastroduodenal, in which a clinical syndrome of duo- 
denal or gastroduodenal obstruction predominanted 
as characterized by nausea, vomiting, abdominal pain, 
and usually mild abdominal distension: the upper 
gastrointestinal series usually demonstrated a mega- 
duodenum (Fig. 1), sometimes in association with di- 
lated stomach; 3) small bowel, in which moderate to 
marked abdominal distension was associated with pain 
and vomiting. Plain abdominal radiographs showed 
dilated loops of small intestine and radiographs of the 
small bowel demonstrated diffuse intestinal dilatation 
with or without a megaduodenum; 4) colonic, in which 
abdominal distension and discomfort were associated 
with constipation that sometimes alternated with 
diarrhea. The passage of large amounts of flatus and 
stool partially relieved these complaints and was asso- 
ciated with a diminution of abdominal distention. 
Radiographs demonstrated grossly distended loops of 
colon with variable amounts of distended small bowel. 

Although many of these symptoms were present 
to some degree in every patient, only one or two 
symptoms tended to predominate in individual pa- 
tients. The following case histories illustrate examples 
of these patterns. 


.- 
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Esophageal Predominance 


This 26-year-old man was well until the age of 24 years, when 
he developed recurrent abdominal pain, bloating to the size of a 
three-month pregnancy, and vomiting. The patient's food intake 
decreased by more than 50% and his weight decreased by 14 kg over a 
2-month period. Although he initially had one stool per day, he 
developed increasingly severe constipation and required laxatives. 
Barium contrast radiographs of the upper and lower intestines 
demonstrated a questionable duodenal ulcer. After being hos- 
pitalized four times in two months, the patient was referred to 
the authors for evaluation. Neither the patient's parents nor his two 
siblings has any gastrointestinal symptoms. Repeat radiographs 
revealed a normal esophagus and stomach. However, a megaduo- 
denum was present and the colon was elongated, redundant, 
and emptied poorly. The small intestine distal to the duodenum 
was normal. Esophageal manometric studies revealed normal 
peristalsis, a lower esophageal sphincter (LES) pressure of 12 
mmHg, normal LES relaxation, and acid reflux on loading the 
stomach with 300 ml of HCl. A cystometrogram was normal. 

Although no specific treatment was given, the patient's symp- 
toms gradually improved and his weight increased to 60 kg. Several 
months later, however, he developed dysphagia for liquids and 
solids, which occasionally was associated with chest discomfort or 
pain. He had daytime and nocturnal regurgitation of undigested 
food and awakened with nocturnal coughing. He also developed 
foul smelling diarrhea which resolved after the administration of 
antibiotics. Although abdominal pain and distention still occurred 
occasionally, he identified dysphagia and regurgitation as his 
most troublesome symptoms. Radiographs (taken 13 months after 
the initial studies) showed a dilated esophagus which had 
a fluid level at 17.5 cm above the gastroesophageal junction. 
Peristalsis was absent in the lower two-thirds of the esophagus 
and there was a large amount of retained food. The stomach 
was mildly dilated, contained old food, and emptied slowly. Esoph- 
ageal manometric studies showed normal peristalsis in the upper 
esophagus. Peristalsis in the lower two-thirds was absent and 
swallows elicited low amplitude, simultaneous waves. Swallows 
were sometimes associated with a rise of baseline pressure and 
four to five consecutive waves. The LES pressure was 35 mmHg 
and only intermittently relaxed to intragastric pressure. There was 
no esophageal reflux. 

The patient underwent balloon dilatation of the gastroesoph- 
ageal junction which produced only a short-lived improvement. 
The dilatation was repeated two weeks later, following which, his 
symptoms markedly improved. The patient now has only mild 
dysphagia: there is no food retention and no regurgitation or 
nocturnal coughing. Unfortunately, the follow-up period has only 
been three months. 


Comment. This patient went from no esophageal 
involvement to disabling involvement from functional 
esophageal obstruction. He has thus far done better 
after balloon dilatation. 


Duodenal Predominance 


This 20-year-old woman's (case 3) symptoms began in childhood, 
consisting initially of abdominal pain and bloating. Diarrhea de- 
veloped later, but the patient was minimally symptomatic until 
age 15 years when she developed progressively severe abdominal 
distention and pain, and was finally hospitalized after two days of 
vomiting and obstipation. Radiographs showed markedly dilated 
loops of intestine, and an exploratory laparotomy revealed the 
entire small bowel and colon to be filled with air and fiuid. No 
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point of mechanical obstruction was identified and the incision 
was closed. Following discharge from the hospital, the patient's 
symptoms recurred and she was referred to the authors for evaluation. 

Physical examination revealed a very thin, pale adolescent 
girl. Her abdomen was distended and hypertympanitic, and a 
succussion was audible. Bowel sounds were present with occasional 
rushes. Radiographic examination demonstrated esophageal aper- 
istalsis, a normal stomach, a massively dilated duodenum, a less 
dilated small intestine distal to the duodenum, and an elongated, 
redundant, ahaustral colon. Esophageal manometric studies re- 
vealed absent peristalsis; swallows elicited low amplitude, simul- 
taneous contractions. The LES pressure was 41 mmHg and it only 
partially relaxed following swallows. 

The patient was treated with total parenteral nutrition. and 
nasogastric suction. When her abdominal pain and vomiting had 
not resolved after two months, a retrocolic isoperistaltic gastro- 
jejunostomy and Stamm gastrostomy were performed. The patient 
was still unable to eat two months later, and was miserable 
from persistent abdominal pain, distention and vomiting. Careful 
questioning convinced us that most of her discomfort was probably 
due to the distended duodenum. At re-exploration, the deuodenum 
was patulous and atonic and measured 10 cm in diameter. The 
gastrojejunostomy was widely patent and the distal jejunal loops were 
dilated. The gastrojejunostomy was taken down and converted 
to a Roux-en-Y. In addition, a 14 cm elliptical segment of the 
anterior duodenal wall was excised. The patient gradually im- 
proved and was discharged from the hospital six weeks later. 

The patient has had follow-up examinations for 5 years. Al- 
though she has had intermittent attacks of abdominal pain and dis- 
tention and has required occasional antibiotics to treat malabsorp- 
tion, she has not been admitted to the hospital. She is main- 
taining her weight at 45 kg and is working full-time. 


Comment. This patient's duodenum was acting as a 
large, poorly draining reservoir. The patient's symp- 
toms were ameliorated by reducing its size and drain- 
ing it more dependently into the jejunum. 


Small Bowel Predominance 


This 67-year-old man (case 8) first developed episodes of post- 
prandial abdominal fullness and nausea at age 37 years, which was 
relieved by vomiting and belching and which were often followed 
by diarrhea. These episodes continued for the next 12 years at 
which time he developed severe abdominal pain which lead to an 
exploratory laparotomy. No specific disease was identified al- 
though the small intestine was thought to be rotated on itself. 
One year later, following a nonvisualising oral cholecystogram, a 
normal gall bladder was excised. A recurrent "obstructive" attack 
led to a diagnosis of small bowel obstruction two years later. At 
laparotomy, no point of obstruction was identified, but the jejunum 
was found to be greatly dilated and to have multiple diverticula, 
whereas the ileum was normal. Ninety centimeters of jejunum 
were resected and the small intestine was plicated. 

Over the next several years the patient lost 12 kg in weight, and 
developed persistent steatorrhea and peripheral edema. On the 
authors’ initial evaluation the patient was a pale, thin man who 
appeared relatively well. His abdomen was moderately distended 
and a succussion was audible. Pretibial edema was present and 
the neurologic examination was normal. Fat absorption was 57% of 
intake (normal: 93%) before the administration of antibiotics 
and 80% after. Vitamin B,» absorption was abnormally low. It did 
not improve with the administration of intrinsic factor, but did 
improve with the administration of antibiotics. Fluid aspirated 
from the jejunum prior to the administration of antibiotics cultured 
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a large number of E. coli and anaerobes. Radiographic studies 
showed a normal esophagus, stomach, and colon. The duodenum, 
jejunum, and proximal ileum were dilated but no diverticula 
were identified. Esophageal manometric studies demonstrated 
normal peristalsis. 

The patient did well on intermittent administration of anti- 
biotics and vitamin supplements for several years. He was 
eventually lost to follow-up study and presented elsewhere four 
years later with an acute exacerbation of obstructive symptoms. 
He did not inform the surgeon that he had pseudo-obstruction 
and an exploratory laparotomy was undertaken. As before, no 
mechanical obstruction was found and the patient was closed, only 
to return to the operating room several hours later to have a bleeding 
vessel ligated. 

The patient was referred back to the University of Washington. 
The administration of antibiotics and liquid formula supplements 
did not improve theepatient's condition and he had to be placed 
on home parenteral nutrition. The patient has regained his lost weight 
and has felt much stronger. However, he continues to inter- 
mittently vomit when he eats. 


Comment. This case illustrates the lack of response 
to small intestinal resection and the needless opera- 
tions resulting from misdiagnosis. 


Colonic Predominance 


This 64-year-old white man (case 7) had a 50-year history of inter- 
mittent episodes of abdominal distension and pain relieved by the 
passage of flatus. Until age 61 years he had one formed stool a 
day, but since then has had progressive constipation requiring 
laxatives. At age 62 years the patient first began to experience 





Fic. 2. Markedly dilated loops of small and large bowel. Free 
peritoneal air is also present although the patient had no peri- 
toneal signs. 
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Fic. 3. The colon is markedly elongated and redundant, such that 
only a part of it could be seen on any one film. 


epigastric discomfort, partially relieved by self-induced vomiting. 
For the three months prior to admission to the hospital the 
episodes of abdominal distension became more severe and frequent. 
During this period the diagnosis of CIIP was made on the basis of 
abnormal esophageal peristalsis and abnormal radiographic studies 
of the gastrointestinal tract. At admission to the hospital his 
abdominal girth was 43 inches, compared with a usual girth of 26 
inches. The patient's main complaint was of increased shortness 
of breath and abdominal distension diminished by the passage of 
flatus. Physical examination demonstrated an emaciated man who 
weighed 65 kg. Physical findings included, jugular venous disten- 
tion, bibasilar pulmonary rales, and massive lower extremity 
edema. The patients abdomen was massively distended and 
hypertympanitic, and a succussion was present. Bowel sounds were 
present and peritoneal signs were absent. Laboratory data in- 
cluded a serum albumin level of 3.2 g/dl Radiographs of the 
chest demonstrated markedly dilated loops of large and small in- 
testine, and a pneumoperitoneum which produced severe elevation 
of both diaphragms with displacement of mediastinal structures to 
the right (Fig. 2). Four liters of barium contrast material were 
required to fill a grossly dilated, elongated, and redundant colon 
(Fig. 3), and barium studies showed a mildly dilated small intestine. 
Pulmonary function tests revealed a moderate restrictive defect 
with a decreased diffusing capacity of 42%, suggesting maldistribu- 
tion of ventilation. Esophageal manometric studies demonstrated 
aperistalsis, low amplitude simultaneous waves after swallows, an 
LES pressure of 10 mmHg, normal LES relaxation, and spon- 
taneous acid reflux. 

Medical management of the patient's abdominal and respiratory 
symptoms was unsuccessful. At operation a grossly hypertrophied 
and elongated stomach, duodenum, and proximal jejunum were 
found. The remainder of the jejunum and main portion of ileum 
were normal. The terminal ileum and the entire abdominal colon 


756 


were grossly dilated, redundant, and thickened. The terminal 
ileum and colon were resected, and an end-to-side ileosig- 
moidostomy was performed at the level of the peritoneal 
reflection. 

Postoperative, the patient's respiratory condition improved, and 
over a one-week period, he diuresed 10 kg with resolution of 
the lower extremity edema. Since being discharged from the hos- 
pital the patient has continued to experience some abdominal 
discomfort but remains significantly improved. 


Comment. This patient suffered severe cardio- 
pulmonary embarrassment from massively dilated 
intestine associated with severe constipation. The 
colectomy resulted in two to three stools a day and the 
ability to pass flatus easily. This relieved the pressure 
on the patients diaphragms and ameliorated his 
cardiopulmonary symptoms. 


Results 


Seventy-three procedures were performed on 12 pa- 
tients, with a range of 1—34 operations per patient 
(Table 1). 

A wide variety of operations were performed, mak- 
ing it difficult to discern trends in clinical response. 
Several comments can be made, however, from the 
surgical data. 

1) A review of the operative notes from the initial 
procedures revealed that in 11 of 12 cases, CIIP was 
not mentioned as a possible cause ofthe patient's symp- 
toms. Various terms were used to describe the opera- 
tive findings, such as superior mesenteric artery 
syndrome, functional megacolon, paralytic ileus, 
chronic volvulus, megaduodenum, duodenal aplasia, 
and partial bowel obstruction. 

2) Certain procedures were not clinically helpful. 
None of the three patients who had gastrojejunosto- 
mies and none of the three patients who had small 
bowel resections improved. In addition, no patient im- 
proved after lysis of adhesions or small bowel plications. 

3) Certain operations may be beneficial in care- 
fully selected patients. Two patients (cases | and 4), 
who had megaduodenums along with normal stomachs 
and jejunums, improved after side-to-side duodeno- 
jejunostomy. One patient (case 4) had a recurrence of 
vomiting and abdominal distention 14 years after 
initial examination. Although initially he had duo- 
denal involvement alone, at the time of his clinical 
recurrence the entire small intestine was involved as 
well. Because the patient had persistent vomiting of 
large amounts of bile stained fluid, the authors be- 
lieved that the patient might benefit from a procedure 
which defunctionalized the duodenum as much as pos- 
sible. The operation consisted of detaching the stomach 
from the duodenum, draining the duodenum de- 
pendently into the jejunum with a Roux-en-Y duo- 
denojejunostomy, and decreasing the volume of the 


SCHUFFLER AND DEITCH 


Ann. Surg. e December 1980 


duodenum by internally plicating the anterior duodenal 
wall. Vagotomy and antrectomy were also performed 
in order to decrease acid production and to improve 
gastric emptying of both liquids and solids. The fol- 
low-up period is, thus far, too short (three months) 
to judge the effectiveness of this operation, but the 
patient has improved significantly to date. 

Two patients (cases 2 and 10) failed to improve after 
duodenojejunostomy. It is possible that the patient 
in case 10 failed to improve because the duodeno- 
jejunostomy did nothing to correct his abnormally slow 
gastric emptying. A Finney pyloroplasty performed 
four months later stopped the vomiting, although it is 
unclear how this procedure might, have improved 
gastric emptying. 

One patient (case 2) had small bowel and duodenal 
involvement, so that creating a simple side-to-side 
connection between an abnormal duodenum and an 
abnormal jejunum did nothing to enhance intestinal 
flow. 

One patient (case 3) also had small bowel dilatation 
in addition to a megaduodenum. Like case 4, she im- 
proved after having a Roux-en-Y procedure per- 
formed in conjunction with mechanical reduction in 
the size of her patulous duodenum. 

4) Some patients who have predominantly colonic 
symptoms, such as case 7, may benefit from colonic 
surgery. In addition to case 7, the patient in case 11 
was diagnosed as having an idiopathic megacolon in 
childhood and had a sigmoid colectomy in adolescence. 
The patient did well on laxatives until many years later, 
when her small bowel became involved and abdominal 
distention and vomiting became her predominant 
symptoms. 

Two patients did not benefit from segmental colonic 
resections. In both patients (cases 6 and 12) the pre- 
dominant symptoms were small bowel and no benefit 
should have been expected. 

5) Failure to make a correct diagnosis can lead to 
clinical confusion and a vicious cycle of repetitive 
operations. In addition to the 17 operations of case 2, 
the patient in 12 had 34 operations before a diagnosis 
of CIIP was made. She currently has a short bowel 
syndrome and disabling diarrhea, and requires home 
parenteral nutrition. 

Four patients have died, none as a result of surgery. 
Two patients died as a direct result of CIIP: the 
patient in case 9 died at the age of 64 years from pro- 
gressive inanition, and the patient in case 11 died at 
the age of 35 years of aspiration of gastric contents. 
The other two patients died of a stroke and of pneu- 
monia, respectively. 

We are currently following the clinical courses of 
three additional patients with CIIP who have not had 
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Disorder Case 


Total 
Opera- 
tions 


Predominant 
Clinicoanatomic 
Pattern 


Major Procedures 
Performed in Attempt 
to Correct Symptoms! 


Results 


Years Since 
Last Major 
Operation 





Hollow visceral l 


myopathy 
2 
3 
2 
4 
Familial visceral 5t 
h 
neuropathy T 
Sporadic visceral 7 
neuropathy 
Jejunal diverticu- 8 
losis 
Miscellaneous 9t 
10 
a 


l 


17 


UA 


to 


N 


N 


34 


Duodenal & esophageal 


Duodenal & small bowel 


Duodenal & small bowel 


Duodenal initially; duo- 
denal — small bowel 
later 


Small bowel 


Esophageal & small 
bowel 


Colonic 


Small bowel 


Small bowel 


Gastroduodenal 


Colonic; later small 
bowel 


Small bowel 


Side-to-side duodenojejunos- 
tomy 


Side-to-side duodenojejunos- 
tomy; gastrojejunostomy; 
vagotomy, antrectomy, & 
Billroth II anastomosis; 
resection of 50% of small 
bowel; revision of gastro- 
jejunostomy & Roux-en-Y 
duodenojejunostomy 


Gastrojejunostomy; revision 
of gastrojejunostomy, du- 
odenoplasty & Roux-en-Y 
duodenojejunostomy 


Side-to-side duodenojejunos- 
tomy; vagotomy, antrec- 
tomy, duodenoplasty, Bill- 
roth II gastrojejunostomy 
& Roux-en-Y duodenoje- 
junostomy 


Gastrojejunostomy 


Segmental resection of left 
colon many years ago for 
diverticular disease 


Subtotal colectomy & ileo- 
rectal anastomosis 


Resection of 90 cm of small 
bowel; small bowel plica- 
tion 


Repair of incarcerated um- 
bilical hernia; reduction of 
small & large bowel vol- 
vulus 


Side-to-side duodenojejunos- 
tomy; Finney pyloroplasty 


Resection of sigmoid colon 


Small bowel and colonic re- 
sections 


Vomiting ceased; dysphagia 
persists 


Short bowel syndrome; still 
has abdominal pain & 
vomiting; requires home 
parenteral nutrition. 


Symptoms recurred after gas- 
trojejunostomy, but mark- 
edly improved after last 
operation; no hospitaliza- 
tion since 


Was asymptomatic for 14 
years after duodenojejun- 
ostomy; improved after 
last operation 


No improvement 


No improvement 


Improved 


No improvement; requires 
home parenteral nutrition 


No improvement 


No improvement until Fin- 
ney pyloroplasty done 4 
months later; now doing 
well 


Constipation improved but 
still needed laxatives; died 
of aspiration when small 
bowel became involved 
later 


Short bowel syndrome; re- 
quires home parenteral 
nutrition 


15 


0.3 


N 


A 





* Many operations were exploratory or involved lysis of adhe- 
sions; only the major procedures are mentioned in this column. 


t Deceased. 


surgery. One is the patient with esophageal symptoms 
reported above. The second patient is improved and 


maintaining weight while on home parenteral nutrition. 
The third patient has had several acute attacks, 
but is currently doing well on a diet restricted in 


fat and lactose. 


Discussion 


CIIP is a clinical syndrome caused by a variety Of 
disorders that inhibit intestinal propulsion. It should be 
diagnosed by obtaining gastrointestinal contrast radio- 


graphs and esophageal manometric studies in patients 
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with suspicious clinical presentations, i.e., recurrent 
vomiting, abdominal pain and distention, diarrhea 
and/or constipation, and weight loss. The entire gastro- 
intestinal tract, from esophagus to anus, should be 
evaluated to determine whether there is widespread 
evidence of abnormal motor activity and intestinal 
dilatation,” and a pattern consistent with classical 
or atypical achalasia should be sought in the mano- 
metric study.?* If the diagnosis can be established 
by finding evidence of widespread abnormal motility in 
the absence of a mechanically obstructing lesion, an 
exploratory laporatomy will be unnecessary and, in 
fact, could be meddlesome. Because the natural history 
of this disease is characterized by remissions and 
exacerbations, an acute relapse subsequent to an ex- 
ploratory laporatomy will raise the fear of true me- 
chanical obstruction from the previous operation, thus 
prompting a second exploration. A purely diagnostic 
laparotomy could thereby establish a cycle of repetitive 
operations. On the other hand, there may not be enough 
time to establish a diagnosis in a patient presenting 
for the first time with an acute attack, so that some 
patients will have exploratory laparotomies during 
which no mechanical cause for obstruction will be 
found. CIIP should be considered if one or more seg- 
ments of the gastrointestinal tract are dilated in the 
absence of a mechanical cause. Whether or not to 
biopsy the bowel at exploratory laparotomy is unclear. 
There is no specific treatment for any of the histologic 
variants of CIIP while there is some risk of additional 
complications. However, we currently believe that a 
biopsy specimen should be obtained, even in the 
absence of specific medical management, to establish 
a firm diagnosis, determine the prognosis for the pa- 
tient, and to plan for follow-up treatment. If a biopsy 
specimen is obtained, it should be full thickness and 
approximately 2 x 2 cm in order to use a special 
neuropathologic silver stain in addition to the routine 
histologic tests.*° In some biopsy specimens the nature 
of the histologic abnormality will be apparent only with 
this special technique. We feel that no palliative pro- 
cedure is indicated at this time and that nothing should 
be done except for the biopsy. Postoperative esopha- 
geal manometric studies and contrast radiographs 
should be obtained to further strengthen the diagnosis 
of CIIP and define the pattern of involvement. 

The optimal role of surgery should be that of elective 
palliative treatment of disabling and medically unre- 
sponsive symptoms. The major clinical symptoms 
Should be carefully defined and correlated with the 
radiographic and manometric data to determine 
whether the patient has predominance of an esopha- 
geal, gastroduodenal, small bowel or colonic syn- 
drome. Although each patient may have anatomic or 
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physiologic involvement of the entire gastrointestinal 
tract and multiple gastrointestinal complaints, one of 
these clinicoanatomic patterns may predominate. Once . 
a dominant pattern has been determined in the in- 
dividual patient who remains disabled despite optimal 
medical management, a specific surgical approach can 
be recommended. We proceed as follows for each ofthe 
clinicoanatomic patterns: 


I. Esophageal. If dysphagia and food retention 
within the esophagus are the predominant com- 
plaints, and esophageal manometric studies 
demonstrate a pattern of classical or atypical 
achalasia, balloon esophageal dilatation should be 
considered. Failure to respond to balloon dilata- 
tion could be an indication for a Heller myotomy, 
although we have no data on this point as of yet. 

II. Gastroduodenal. If the primary complaints are 
abdominal pain and vomiting, and a barium con- 
trast study shows a megaduodenum with or with- 
out gastric obstruction, we attempt to defunc- 
tionalize the duodenum by dividing it from the 
stomach and anastomosing it to the jejunum in a 
Roux-en-Y fashion. Because this is a potentially 
ulcer producing operaton, a vagotomy and antrec- 
tomy are also performed. The objective of this 
operation is to allow the duodenum to empty by 
gravity and to shunt the gastric contents past the 
duodenum. In tremendously distended duo- 
denums a duodenoplasty or removal of a segment 
of the antimesenteric border of the duodenum 
Is recommended to reduce the duodenum's volume 
and prevent an excessive accumulation of pan- 
creaticobiliary secretions. Of our five patients 
who had operations performed for megaduo- 
denum, two had this procedure performed, and 
both patients symptomatically improved. 

The alternative operation of side-to-side duo- 
denojejunostomy could be performed on selected 
patients who have normal stomachs and jejunums, 
and whose only abnormality is a megaduodenum. 
This operation was successful in two patients who 
fit these criteria. However, one of the two patients 
had a recurrence of the symptoms 14 years later 
when the rest of his small intestine became 
involved. 

Table 2 reviews previous reports of patients who 
had surgery performed for megaduodenum. Most 
patients had relatively short follow-up periods. 
However, it is apparent from Table 2-that some 
patients improved with duodenojejunostomy alone. 
Unfortunately, the reports do not relate the total 
extent of intestinal involvement, so that it is not 
possible to determine whether the patients who 
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TABLE 2. Results of Surgery for Megaduodenum 
Operative Histologic Period of 
Reference Findings Procedures Findings Results Follow-up 
Barnett et al.” Dilated duodenum — Retrocolic duodenojejunostomy Ganglion cells replaced Improved 7 months 
by "sheath cells” 
Matzen et al."? Dilated duodenum  Duodenojejunostomy Degeneration of ganglion Died postopera- 
cells tively 
Uncapheretal.** Dilated stomach Duodenoplasty Normal Improved 4 years 
and duodenum 
Nordentoft!’ Dilated duodenum — Duodenojejunostomy Normal Improved Weeks 
Newton?” Dilated duodenum Multiple operations: Normal Operations 1-3: 
case | 1) Division of ligament of Treitz not improved 
2) Partial gastrectomy and gas- 
e trojejunostomy 
3) Side-to-side duodenojejunos- 
tomy 
4) Vagotomy, duodenal resection Operation 4: 
& duodenojejunal anastomosis improved 6 years 
case 2 Dilated duodenum Vagotomy, partial gastrectomy, Normal Improved 3 months 
duodenal resection & duodeno- 
jejunal anastomosis 
Fischer® Duodenum resected & duodeno- Normal Continued | month 
case 2 Dilated duodenum jejunostomy symptoms 
case 3 Dilated duodenum  Duodenojejunostomy — none 
Law et al.” Dilated duodenum . Duodenojejunostomy Normal Improved 2 years 
Anuras et al.! 
case 4 Dilated duodenum — Duodenojejunostomy Familial visceral myop- Died postopera- 
athy (FVM) tively 
case 6 Dilated stomach Gastrojejunostomy FVM Not improved 
and duodenum 
case 12 Dilated duodenum Six operations including duodeno- FVM No long-term im- 
jejunostomy provement 
case 15 Dilated duodenum __ Side-to-side duodenojejunostomy FVM Improved 6 years 
case 16 Dilated duodenum __ Side-to-side duodenojejunostomy FVM Improved 11⁄2 years 
Weiss?’ 
case | Dilated duodenum Duodenojejunostomy — Improved 7 years 
case 2 Dilated stomach, Partial gastrectomy with gastro- — Not improved; 
duodenum and jejunostomy died | yr later 
proximal jejunum 
case 3 Dilated duodenum Duodenojejunostomy — Died 17 days post- 


operatively 





and that it may only serve to initiate a cycle of 
repetitive operative procedures. 

There is nothing in the literature to support any 
other medical course (Table 3). Only two of the 
12 reported patients clinically improved, but the 
follow-up period was only four months in one pa- 
tient, while the other patient developed symptoms 
of ‘‘subacute intestinal obstruction" within ten 
months of surgery.*?° 

IV. Colonic Because of the colon's inability to have 
organized propulsive contractions, the colon in 
CIIP acts as a functional obstruction to gas and 
stool. The procedure we recommend in patients 
incapacitated by this pattern of involvement is 
total abdominal colectomy with ileal anastomosis 
performed at the peritoneal reflection. This recom- 


improved had involvement limited to the duo- 
denum. Some patients also improved after duo- 
denoplasty or duodenal resections, although in 
these cases, too, the extent of intestinal involve- 
ment was not usually reported. We agree with 
Anuras et al. that antibiotics should be adminis- 
tered before, during and after surgery to decrease 
the chance of postoperative complications caused 
by bacteria-rich duodenal fluid.! 

III. Small bowel. Surgery has not been helpful and in- 
deed has often been meddlesome in patients whose 
predominant complaints were marked abdominal 
distension and pain associated with diffuse dilata- 
tion of the small intestine. We feel that exploratory 
laporatomy is not indicated in a patient whose 
predominant complaint concerns the small bowel, 
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TABLE 3. Results of Surgery for Small Bowel Involvement 
Operative Histologic 
Reference Findings Procedures Findings Results 
McClelland et al.'' Dilated small bowel Two exploratory laparotomies Normal Patient died without 


Naish et al.!7 


Murley'? 


Nahai!* 


Maldonado et al."? 
(five patients) 


Dyer et al.? 


Paul et al.?? 


Anuras et al.! 


Dilated small bowel 


Dilated small bowel 
& duodenum 


Dilated small bowel 


Four patients with 
variable amounts 
of dilated small 
bowel; | with 
dilated colon & 
small bowel 


Dilated small bowel 
& duodenum 


Dilated small bowel 
from duodenum to 
within 4 ft of 
ileocecal valve 


Dilated distal 
jejunum & 
proximal ileum 
(case 10) 


with small bowel plication 


Two exploratory laparotomies; 
appendectomy 


Appendectomy and biopsy of 
ileum 


Two exploratory laparotomies 
with biopsy & Baker tube 
insertion 


Multiple types of procedures 
See table in reference 12 


Multiple laparotomies; 
vagotomy & gastrojejunos- 
tomy; resection of part of 
duodenum & 100 cm jejunum; 
antrectomy & Roux-en- Y 
duodenojejunostomy 


1) Exploratory laparotomy; 

2) resection of small bowel 
from Treitz to 230 cm 
proximal to ileocecal valve 


1) Exploratory laparotomy 

2) Lysis of adhesions 

3) Lysis of adhesions 

4) Stamm jejunostomy & lysis 


relief 


Vacuolated muscle Not improved 


Degenerated 
muscle 


Mildly improved 


Hypertrophied No long-term 
muscle follow-up period 


No significant 
abnormalities e 


None given 


Degenerated Mild complaints 
myenteric persisted 
plexus 
None Improved, but only 
four-month 


follow-up period 


Familial visceral 
myopathy 


Not improved until 
last operation; 
improved over 
12 years of 


of adhesions 


followup 





mendation is not made wholly on the basis of our 
own experience or on the very limited experience 
reported with CIIP, but rather it is made on the 
recomendation that is reported in the literature on 
idiopathic megacolon. In the two largest series 
reported, total abdominal colectomy gave the best 
results and had a low morbidity rate.^'?^ By 
anastomosing the ileum in the peritoneal cavity, 
the operative morbidity rate should be reduced, 
while keeping the colonic remnant at a minimal 
length. By resecting all of the abdominal colon 
the risk of volvulus is remote and the chances of 
recurrent colonic symptoms are reduced. 


A word of caution is in order because patients with 
CIIP do not have involvement of the colon alone, as do 
the patients with idiopathic megacolon. In patients 
with CIIP, involvement of the small intestine may lead 
to bacterial overgrowth with subsequent malabsorption 
and diarrhea at any time during the duration of this 
illness. Diarrhea could prove to be particularly trouble- 
some in a patient in whom colectomy and ileorectal 
anastomosis were performed. Careful consideration 


should be given to this potentially complicating factor 
before the decision to perform a colectomy is made. 

We emphasize that these recommendations are made 
on the basis of limited data. However, patients with 
CIIP are being increasingly recognized at a time when 
little is known about what should be done to ameliorate 
their symptoms. A carefully chosen operative pro- 
cedure may be one possible answer. Patients who have 
procedures for defined clinicoanatomic patterns should 
be thoroughly studied beforehand, have regular follow- 
up examinations, and reported in the literature. Only 
with more data will we know whether any operative 
procedure will help to improve the quality of life 
of these patients. 
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Angiogenic Activity as a Marker of Neoplastic and 
Preneoplastic Lesions of the Human Bladder 


GERALD W. CHODAK,* CHRISTIAN HAUDENSCHILD,T RUBEN F. GITTES,t JUDAH FOLKMAN§ 


Angiogenic activity has been assessed in biopsy specimens 
from 49 patients with transitional cell carcinoma, benign pro- 
static hypertrophy and vesicoureteral reflux. Over 95% of 
the specimens containing malignant and premalignant transi- 
tional epithelium stimulated capillary proliferation on rabbit 
iris. In contrast, less than 10% of normal tissues had this 
effect. Sixty-one per cent of specimens with inflammatory 
round cells were angiogenic but this was reduced to 10% by 
preincubation with rabbit antihuman lymphocyte serum. 
Cystitis cystica also induced capillary proliferation even if 
incubated with the antilymphocyte serum. Angiogenic capacity 
may be an early marker of preneoplastic and neoplastic lesions 
of the human bladder. 


RANSITIONAL CELL CARCINOMA of the bladder is 
known to be a multifocal disease. When a tumor 
is first detected, lesions thought to be premalignant, 
including atypical hyperplasia and atypia, may already 
exist in other areas of the bladder remote from the 
gross tumor.' * Invasive carcinoma may eventually 
result from transformation of any of these premalignant 
areas; for this reason there has been increasing interest 
in methods that could predict whether a given site will 
become neoplastic. 

Angiogenesis, the capacity to induce new capillary 
proliferation, is common to most, if not all, solid 
tumors.? Recently, certain preneoplastic lesions of the 
murine breast have been found to possess angiogenic 
capacity. Maiorana et al. have shown that hyper- 
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plastic outgrowths from rat mammary glands which 
showed a high degree of neoplastic transformation 
frequently induced new capillary growth.? Further- 
more, Brem et al. demonstrated that preneoplastic 
lesions, in situ carcinoma, and invasive carcinoma 
found in human breast biopsy specimens possessed 
angiogenic activity, while normal tissues did not." 
They suggested that an assay for angiogenesis activity 
might be used to distinguish patients who are at high 
risk for developing mammary carcinoma. 

Bladder cancer and breast cancer have certain 
characteristics in common; multiple sites of origin in 
the epithelium of both organs, the existance of pre- 
neoplastic lesions, and the long interval between the 
appearance of in situ lesions and the development of 
invasive carcinoma. Because of these similarities, we 
assessed the angiogenic activity in human bladder 
biopsy specimens to determine whether this property 
could identify preneoplastic lesions of the bladder as it 
did in the breast. We found that new capillary growth 
was induced by neoplastic and preneoplastic lesions of 
the human bladder. These results suggest that angio- 
genic activity may also identify patients who are at 
high risk of developing carcinoma of the bladder. 


Materials and Methods 
Bladder Biopsies 


Fresh biopsy specimens ofthe bladder were obtained 
from patients with urologic disorders. Patients included 
those undergoing an open prostatectomy, a ureteral 
reimplantation, or cystoscopy for suspected cancer. 
The Pathology Department at a local hospital for 
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Fic. 1. Dimensions of glass 
stylet and technique used to 
introduce specimens into 
anterior chamber. 
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women provided fetal tissue following prostaglandin- 
induced abortions.§§ Two biopsy specimens were 
from human tumors that had been cultured in vitro." 
These specimens were obtained ten days after in- 
jection of 10° tumor cells into an athymic nude 
mouse. Every specimen was washed three times in 
sterile lactated Ringer's solution and cut into 1.5 mm 
cubes. 


Angiogenesis Assay 


A modification ofthe method described by Gimbrone 
et al. was used. New Zealand white rabbits weighing 


2—3 kg were anesthetized by administration of 25 mg/kg , 
— of pentobarbital sodium into a dorsal ear vein. In ad- 


dition, 2% lidocaine was diluted 1:4 with lactated 
Ringer's solution and injected into the upper eyelid 
and retrobulbar space of each eye. A hemostat was 
clamped onto the upper eyelid to secure the eye in a 
foreward position. The cornea was rinsed with sterile 
lactated Ringer’s solution and the eye was surrounded 
with sterile gauze. A !4 cm incision was made with a 
#11 surgical blade through the cornea midway between 
limbus and pupil, without injury to the iris. The tiny 
bladder specimen was placed into a tapered glass 
micropipet, which was beveled at one end and fitted 
with a glass stylet. With the specimen inside the pipet, 
the beveled end was inserted through the incision into 
the anterior chamber (Fig. 1). The stylet was advanced 
until the specimen was freely floating over the iris, 
and both the stylet and pipet were removed simul- 
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$8 Approval was obtained from the Human Studies Committee. 
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taneously. Each specimen was positioned at a distance 
from the incision by exerting gentle pressure on the 
cornea with the stylet. As many as three specimens 
were placed on a single iris, with each implant at least 
| cm from the next. After positioning, the specimens 
were forced onto the iris by reinflating the anterior 
chamber with lactated Ringer’s solution, and the eye 
was taped shut until the animal awoke. 

Beginning on the second day after implantation, 
the rabbit eyes were examined with a slit-lamp stereo- 
scope at a magnification of 10—40x. Examinations 
were made at days 2, 4, 5, 6, and 7. A positive response 
was scored if new capillaries could be visualized 
growing toward an implant along the iris surface (Figs. 
2, 3). After day 7, immune rejection began. Lympho- 
cytes infiltrated the iris and the infiltration was followed 
by angiogenesis due to the rejection process, Thus, ex- 
periments were ended on or before day 7 if no tumor 
angiogenesis was detected. 

If tumor angiogenesis were going to appear, it always 
did so by day 4, and then rabbits were killed about 
24 hours later to avoid the confusion of an accelerated 
immune response as a result of neovascularization in- 
duced by the tumor. When more than one implant was 
present on a single iris, each was marked by a silk suture 
placed in the adjacent sclerae. In this way the slit lamp 
and histologic evaluations could be compared. The 
eyes were removed and transferred into 1092 buffered 
formalin. In approximately 3% of the specimens, the 
iris was obscured by corneal edema and these were 
discarded. Five-micron sections were prepared and in- 
cluded implant, cornea, and iris on each slide, and 
stained with hematoxylin and eosin. A total of 30 sec- 
tions were prepared from each specimen. 
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If the angiogenic response was questionable during 
slit-lamp observations, fluorescein (Fluorescite*, 10% 
sterile aqueous solution) was injected intravenously 
and the rabbit iris was immediately observed through 
the slit lamp with cobalt blue illumination. Because 
fluorescein only escapes from newly formed capillaries, 
a positive response was scored if a green fluorescent 
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Fic. 2. Angiogenesis in- 
duced by implant after four 
days on rabbit iris. Note 
prominence of new blood 
vessels directed toward the 
specimen (original magnifi- 
cation 80x ). 


halo surrounded the specimen, and the absence of any 
fluorescence constituted a negative response. When 
multiple implants were derived from a single biopsy, we 
found that they frequently were not histologically 
identical. Therefore in order to improve the reliability 
of the assay, it was imperative that every specimen 
be visualized on the iris. If a specimen could not be 


FiG. 3. No angiogenesis 
detected four days after im- 
plantation. Note vascula- 
ture around implant is indis- 
tinguishable from remaining 
iris (original magnification 
80x ). 
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visualized by the pathologist, then the slit-lamp evalu- 
ation was omitted. Only by visualizing each specimen 
on the iris could we be sure about which category to 
enter the result. Approximately 90% of the implants 
satisfied this requirement. The eligible specimens were 
then categorized according to standard histologic 
criteria for transitional epithelium by an experienced 
pathologist before he knew the result of the slit-lamp 
evaluation. Microscopic evidence of angiogenesis 
in the region of each implant consisted of: 1) anincrease 
in the number of capillaries, 2) a convergence of blood 
vessels toward the implants, 3) an increase in the number 
of endothelial cells per capillary lumen, and 4) en- 
e , dothelial cell mitoges (endothelial mitoses are not found 
on the normal iris). The results of the slit-lamp and 
histologic examinations were then compared and 
tabulated. 

Microfil®' was used to document the vascular 
pattern produced by angiogenic and nonangiogenic 
tissue. Ten minutes before killing the rabbit, 1500 units 
of heparin were injected intravenously. A midline inci- 
sion was made over the trachea. Both carotid arteries 
were exposed and cannulated with an 18 gauge blunt tip 
catheter, while the arteries were ligated proximal to the 
cannulae. Ten milliliters of diluent and 1 ml of catalyst 
were then carefully mixed with 10 ml of Microfil, with- 
out aeration. With gentle pressure, the mixture was in- 
jected simultaneously into each artery. Injection was 
discontinued when it appeared that the entire iris vas- 
culature was orange, which usually required 10 ml per 
eye. The specimen was allowed to cure for two hours, 
after which the eyes were removed and placed in 25% 
ethanol/water. At 24-hour intervals, the specimens 
were transferred to increasing concentrations of ethanol 
(5096, 75%, 95%, and absolute ethanol). Finally, the 
specimens were cleared in methyl salicylate and 
examined with the stereoscope. This procedure only 
allowed visualization of the vessels filled with Microfil, 
while all the remaining tissues became transparent. 

As the study progressed, it became evident that both 
inflammatory cells and malignant transitional epi- 
thelium caused angiogenesis. In order to distinguish 
between the two, an attempt was made to suppress 
inflammatory cell-induced angiogenesis with anti- 
lymphocyte serum (ALS), which was prepared as pre- 
viously described.'? Prior to implantation each of the 
biopsy specimens from eight patients was divided into 
two portions; one half was incubated with lactated 
Ringer’s solution at 37 C for 30 minutes, and the other 
half with rabbit anti-human lymphocyte serum under 
the same conditions. The entire biopsy specimen from 


' Microfil (MV 
Boulder, Colo. 


117) obtained from Canton Biomed Corp., 
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TABLE 1. Angiogenesis Assay of Human Bladder Tissue 
by Slit-lamp Examination 
Number of 
Positive/Total 
Number of Per Cent 
Patients Assays Positive 
Transitional cell carcinoma 9 |. 82/85 94* 
Atypical epithelium 4 4/4 100* 
Chronic cystitis, 
cystitis cystica 5 4/9 447 
Inflammatory round cell 
infiltrate 17 aa 61* 
Normal adult epithelium 16 4/46 98 
Submucosa, no epithelium 22 3/35 9i 
Normal fetal epithelium 2 0/8 ‘Ot 
Necrotic tissue 5 0/5 Ot 


* p < 0.001 by chi square method. 

* p < 0.01 by chi square method. 

t No significant difference. 

8 Chi square method used with normal epithelium as reference 
group. 


four additional patients was also incubated with ALS. 
Following the incubation period, these specimens were 
washed in Ringer's solution and placed on the iris using 
the same technique described above. 


Results 


Various nonmalignant specimens were implanted 
including necrotic tissue, normal fetal and adult 
epithelium, and submucosal tissue without epithelium. 
A weak angiogenic response was detected with the 
slit-lamp in less than 10% of the specimens, usually 
on the third or fourth day after implantation (Table 1). 
Between days 5 and 7, many of the benign tissues 
showed a gradual increase in angiogenesis. Because the 
malignant implants induced a response within four 
days, we chose to interpret the results of the assay on 
the fourth day of implantation. Therefore, all the slit- 
lamp data are based on the presence of angiogenesis 
after a specimen was on the iris for four days. Histo- 
logically, no change occurred in the iris vasculature in 
the vicinitv of the implant (Fig. 4). 

Angiogenic activity was detected by slit-lamp exami- 
nation in 9476 ofthe implants which contained any grade 
or stage of transitional cell carcinoma, including car- 
cinoma in situ (Table 1). We could not always dis- 
tinguish an invasive tumor from carcinoma in situ be- 
cause often the orientation of the specimen on the iris 
prevented visualization of the basement membrane. 
Therefore these two lesions were considered together. 
Usually, some angiogenic activity was first noted within 
48 hours after implantation. All 52 of the malignant im- 
plants that evoked an angiogenic response did so by the 
fourth day after implantation. The histologic examina- 
tions showed increases in the number of capillaries 
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Fic. 4. Bladder stroma adjacent to rabbit iris. Four days after implantation there is no evidence of a capillary response. 


in the regions of the implant (Fig. 5). Each of the four 
specimens containing atypical epithelium induced 
angiogenesis also within four days of implantation. 

Capillary proliferation was induced by 61% of the 
implants containing inflammatory round cells (Table 1). 
These were primarily obtained from patients with 
vesicoureteral reflux or benign prostatic hypertrophy. 
No biopsy specimen was used if the patient had in- 
fected urine at the time of surgery. Every positive 
response that occurred was detected by the fourth day 
after being placed on the iris. An additional nine 
specimens showed cystitis cystica with chronic 
cystitis, and four of these were also angiogenic. Three 
of these four specimens came from patients with car- 
cinoma of the bladder. 

Because we wanted to know if the transitional 
epithelium in a specimen containing submucosal 
inflammatory cells had angiogenic activity, we at- 
tempted to suppress neovascularization induced by 
inflammatory cells. Prior to implantation, the speci- 
mens were incubated with rabbit antihuman lympho- 
cyte serum. The results showed that when specimens 
with white cell infiltrates were exposed to ALS the 


frequency of a positive angiogenesis reaction was 
significantly reduced from 61 to 10% (Fig. 6). In con- 
trast, ALS did not affect angiogenesis in those speci- 
mens which contained transitional cell carcinoma, 
cystitis cytica, normal epithelium, or no epithelium. 

In order to determine the correlation between the 
histologic and the slit-lamp assessments of angiogenic 
activity, the two blinded methods were compared 
(Table 2). Identical readings were made in 76% of the 
specimens. The most common disagreement occurred 
for angiogenesis observed histologically but not with 
the slit lamp. It is important to note, however, that 
almost one-half of the specimens in this group were 
not removed from the rabbit until the sixth or seventh 
day after implantation. Therefore, this group is really 
a comparison of the slit-lamp examination made on the 
fourth day and the histologic reading made on the 
seventh day. 

Even though only 268 specimens were implanted 
into rabbits, a total of 290 specimens are tabulated in 
Figure 6. This is because 22 of the implants that failed 
to induce new capillary growth contained both normal 
transitional epithelium and submucosal inflammatory 
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Fic. 5. Specimen containing human transitional 

—^ cell carcinoma, Grade I-II, two days after 
implantation onto rabbit iris. Note increased 
capillaries toward specimen (original magnifi- 
cation 800x). 


cell infiltrates. Because no response occurred, it is 
reasonable to tabulate a negative response for each 
of the cell types: the normal epithelium and the sub- 
mucosal inflammation. Therefore these 22 specimens 
were actually scored twice. 

Gimbrone documented that in the rabbit iris assay, 
the appearance of new blood vessels through the slit 
lamp corresponded histologically with endothelial cell 
mitoses and capillary proliferation.'* In this study 
we also used Microfil to confirm that angiogenesis con- 
sists of an absolute increase in the number of new 

< capillaries directed toward the implant (Fig. 7). In the 


ANGIOGENIC ACTIVITY 


nonangiogenic implants, the vascular pattern was un- 
changed relative to the normal iris (Fig. 8). 


Discussion 


This is the first demonstration that angiogenic 
activity is a property of malignant and premalignant 
human transitional epithelium. In the rabbit iris assay, 
95% of the human bladder biopsy specimens that 
contained atypical epithelium, carcinoma in situ, or 
transitional cell carcinoma, stimulated new capillary 
proliferation. In contrast, less than 10% of the biopsy 
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specimens that contained normal epithelium and/or 
only submucosa induced this response. Taken together 
with similar findings for the human breast,'' these 
results suggest that epithelium of other organs may also 
express angiogenic activity prior to their conversion 
to malignancy. 

Although the present results give the appearance of 
a "qualitative" difference between normal and malig- 
nant tissues, with the introduction of more sensitive 
assays for angiogenesis the differences may well be 
quantitative. 
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22 
e 
8. Fic. 6. Effect of rabbit anti- 
4 | human lymphocyte serum on 
g angiogenesis activity of hu- 
man bladder tissue. 
e 


TRANSITIONAL CELL 


CYSTICA CARCINOMA 


Half of the chronically inflamed specimens (infil- 
trated with mononuclear cells), also induced angio- 
genesis on the iris. Under certain conditions, both 
lymphocytes and macrophages are known to induce 
angiogenesis. Auerbach et al. showed that new vessel 
proliferation was stimulated by xenogenic lymphocytes 
implanted in the rabbit cornea.’ Polverini et al. found 
that activated macrophages and medium conditioned 
by them, induced new capillary proliferation in the 
guinea pig cornea.'® The conventional rabbit iris assay 
cannot distinguish between angiogenesis induced by 


TABLE 2. Comparison of Angiogenesis Activity Detected by Histologic and Experimental Findings (Slit Lamp) 








Agreement Disagreement 
Experimental Experimental Experimental Experimental Experimental 
Positive Negative Negative Positive Negative 
& Histology & Histology & Histology & Histology & Histology 
Histologic Findings Positive Negative Positive Negative H= 
Necrotic epithelium 0 5 0 0 0 
Submucosa, 
no epithelium 3 32 2 0 3 
Normal fetal epithelium 0 fi l 0 0 
Normal adult epithelium 5 27 6 0 
Normal adult epithelium 
& inflammatory cells 0 12 10 0 0 
inflammatory round cell 
infiltrate 31 7 10 7 0 
Cystitis cystica 12 3 10 0 0 
Atypical epithelium 2 0 0 2 0 
Transitional cell 
. carcinoma 61 | 2 3 0 
Total 114 94 41 12 7 
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Fic. 7. Microfil injection of rabbit iris vessels beneath specimen that failed to induce angiegenesis. Note absence of direction of vessels, no 
looping of capillaries and low capillary density. Specimen is opacified by processing. (original magnification 100x). 


tumor cells and angiogenesis induced by inflammatory 
cells. This has hindered the interpretation of the 
malignant lesion that was occasionally accompanied 
by an inflammatory cell infiltrate. We were unable to 
suppress inflammatory cell-induced angiogenesis in the 
iris with steroids. However, when "'inflamed'' bladder 
tissues were briefly incubated with antilymphocyte 
serum, the angiogenesis response due to inflammatory 
cells was greatly reduced (Fig 6). In contrast, the 
angiogenesis induced by premalignant or malignant 
lesions was unaffected by ALS. At the microscopic 
level, ALS caused the lymphocytes in the specimen 
to become shrunken and hyperchromatic. It did not 
lyse them or otherwise reduce their number. We now 
use antilymphocyte serum incubation to discriminate 
between inflammatory angiogenesis and tumor angio- 
genesis in the iris assay, whenever human tissues are 
tested. 

Almost 50% of the biopsy specimens with cystitis 
cystica induced angiogenesis (Table 1). However, these 
specimens also contained inflammatory cells in the 
submucosa. Therefore, no conclusions were possible 


about the angiogenic capacity of cystitis cystica per 
se, in specimens untreated with ALS. Yet, when ALS 
treatment failed to reduce the angiogenic capacity of 
these specimens, we were able to conclude that cystitis 
cystica also has angiogenic activity. More data will be 
needed on the natural history of angiogenesis in cystitis 
cystica before we can understand the significance of 
this finding. 

The rabbit iris assay used in this study and by 
others? ^!?!? has been a reliable and relatively sen- 
sitive method for detecting angiogenesis. We have 
found an 80% correlation between the slit-lamp exami- 
nation and the histologic evaluation. Many of our 
false-negative results were actually weighted against 
us because the slit-lamp evaluations were performed 
at four days but the histologic evaluations were de- 
layed until the seventh day after implantation. By 
contrast, stereoscopic examinations detected angio- 
genesis in only 12 specimens that could not be con- 
firmed by histologic examinations. : 

Work by other investigators supports our findings 
that angiogenesis may be expressed by bladder epi- 
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Fic. 8. Photograph of rabbit iris vessels injected with Microfil after bladder tumor induced angiogenesis. Specimen has been removed to reveal 
increased density of capillaries and capillary looping beneath site of specimen (original magnification 80x). 


thelium, before the appearance of morphologic changes 
of malignancy. Tatematsu et al. studied scanning 
electron micrographs of vascular casts of the bladder 
of rats treated with a carcinogen. He demonstrated 
new capillary growth beneath the basement membrane, 
underlying foci of nodular hyperplasia, papillomas 
and carcinomas.'* Hicks found horizontal proliferation 
of new capillaries beneath the urothelium after ex- 
posure to a carcinogen, but before morphologic evi- 
dence of malignancy.'* While our sample of premalig- 
nant lesions is too small to draw firm conclusions, it 
seems significant that biopsy specimens from four 
patients with atypical epithelium all induced angio- 
genesis in the iris. Two of the specimens were from 
random biopsies of the bladders of two patients with 
a history of transitional cell carcinoma. At least one 
clinical implication of this observation is that patients 
with a small bladder tumor, who also have diffuse areas 
of angiogenesis in their own bladder, may warrant 
earlier more aggressive therapy or more frequent 
follow-up examinations. 


Theoretical Considerations 


This is the first demonstration that malignant transi- 
tional epithelium possesses angiogenic activity. Fur- 


thermore, the finding of angiogenic activity in several 
premalignant lesions of the bladder suggests that 
similar to the studies with human breast, angiogenesis 
may potentially be useful as a marker for identifying 
malignant and potentially malignant transitional epi- 
thelium. In the future when more sensitive specific 
and quantitative assays for angiogenesis are developed 
it may become possible to routinely screen urine for 
angiogenesis factor and detect new or recurrent bladder 
carcinoma. 
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Longitudinal Assay of Lymphocyte Responsiveness in 


Patients with Major Burns 


ANDREW M. MUNSTER, M.D., RICHARD A. WINCHURCH, PH.D., WILLIAM J. BIRMINGHAM, PARNELL KEELING, M.D. 


Serial blast transformation in vitro was measured in peripheral 
lymphocytes from 38 patients with major thermal injury. 
Lymphocytes were tested with the antigens streptokinase- 
streptodornase (SKSD), mumps and purified protein deriva- 
tive (PPD), the mitogens conconavadin A (Con A) and phytohe- 
magglutinin (PHA), and in the one-way mixed lymphocyte 
reaction. Statistically significant suppression by the burn in- 
jury was noticed in all measurements except response to PHA. 
One-time measurements were not significantly different be- 
tween the patients who survived and the patients who did not 
survive their burn injuries. However, serial determinations of 
responsiveness to the three natural antigens SKSD, mumps 
and PPD, as well as the mixed lymphocyte reaction 
accurately reflected prognosis. 


MMUNOLOGIC ALTERATIONS in patients who have been 

burned have received increased attention since the 
early classic work of Alexander and Moncrief.' In 
particular, suppression of cell-mediated immunity has 
been documented by several reports in both man and 
laboratory animal models. Blast transformation of 
peripheral lymphocytes, in response to the phytomi- 
togens Phytohemagglutinin (PHA) and Concanavalin 
A (Con A), has produced controversial findings in the 
literature. Eurenius and Mortensen,* Daniels,? and 
Mahler and Bachelor? have reported increased re- 
sponsiveness to pHA, while Baker? and Rittenbury'? 
have reported decreased responsiveness to PHA. 
This report involves the longitudinal testing of the 
peripheral lymphocyte responsiveness of a group of 
burn patients over a period of several weeks. Using 
the mitogens PHA and Con A, the antigens streptokin- 
ase-streptodornase (SKSD), mumps, and purified 
protein derivative (PPD), as well as the mixed 
lymphocyte reaction, we attempted to map the natural 
history of lymphocyte transformation in these patients. 


Materials and Methods 


Clinical Material 


Thirty-eight patients with a mean burn size of 38% 
of the total body surface were included in the study. 
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The age range was between 18 and 80 years, and there 
were 22 deaths and 16 survivors. 


Lymphocyte Cultures 


Blood was drawn by venipuncture into heparinized 
syringes, mixed with an equal volume of saline 
solution and 30 ml were layered over 10 ml of 
lymphocyte separation medium (Litton Bionetics). 
After the blood samples were centrifuged at 40 g for 
20 minutes, the lymphocytes at the interface were 
drawn off, washed 3 times with RPMI 1640 culture 
medium and counted. Cultures were set in 0.2 ml vol- 
umes in cluster plates (Costar) and consisted of 3 x 10? 
responding lymphocytes in a complete medium com- 
posed of RPMI 1640 culture medium supplemented 
with 5% human AB serum (North American Bio- 
logicals), 50 units per ml penicillin, 50 wg per ml 


streptomycin, and 293 ug/ml L-glutamine (Grant Is- ~ 


land Biologicals). Mixed lymphocyte cultures con- 
tained, additionally, 1 x 10? mitomycin-treated stimu- 
lator lymphocytes from normal donors. 


Mitogens and Antigens 


Con A was used in a concentration of 2 ug per ml. 
PHA was used in a concentration of 25 ug/ml. 


Culture Conditions and Assay Procedure 


Mitogen cultures were incubated for three days, 
and antigen and MLC stimulation cultures were 
incubated for seven days in a humidified atmosphere 
of 5% CO, in air at 37 C. Four hours before harvesting, 
each culture received 0.05 ml of a solution containing 
0.5 millicuries Thymidine treated with tritium. The 
cultures were harvested using a semiautomated multi- 
ple sample harvester (Otto Hiller Co.), and the results 
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TABLE l. Antigenic Responsiveness of Peripheral Lymphocytes from 
Burn Patients, Disintegrations Per Minute 


VRS eaaa 


Antigen 

and Dose Patients Normal Controls p 
SKSD 4 units 2,694 + 584 8,292 + 3,732 <0.01 
SKSD 120 6,214 + 1,107 28,404 + 8,470 <0.001 
PPD 2.5 4,335 + 1,046 11,872 + 3,568 N.S. 
PPD 10 5,069 + 1,128 30,362 + 8,709 <0.05 
Mumps 1/18 4.306 + 723 19,838 + 5,216 <0.001 
Mumps 1/12 4.836 + 800 23,772 = 7,044 «0.001 
MLC 7,524 + 976 17,206 + 3,300 «0.01 
Con A 13,995 + 3,084 59,261 + 16,054 <0.001 
PHA 57,373 + 6,094 61,980 + 19,674 N.S. 


———————S———— € 


of the addition of a radioactive isotope label into 
f "TCA-preciptable material were assessed by standard 
methods. Each experimental group consisted of at least 
four replicate cultures. 


Results 


Table 1 shows the antigenic responsiveness of periph- 
eral lymphocytes from the patients compared with 
20 normal controls. There was a statistically sig- 
nificant suppression of antigenic response in the 
burn patient group, except for phytohemagglutinin 
responsiveness, where there is no difference. and for 
PPD in dosages of 2.5 ug, which were still depressed, 
but where the large standard error in the controls 
precluded statistical significance. 

Table 2 shows the responsiveness of the patients 
who survived and the patients who died to each of 
the antigens and are represented as pooled data. There 
is no statistically significant difference between any of 
the patients who survived and the patients who died. 

Figures 1 through 4 illustrate lymphocyte reactivity 
when plotted longitudinally over a period of time ac- 


TABLE 2. In Vitro Antigen-induced Responses of Burn Patients, 
Pooled Data for all Samplings Postburn* 
— A ——— DENN 





Patients 
Antigen 
Dose Survivors Deaths 
—————————————A——————— -— MN 
Mumps 1/18 4,656 + 889 4,416 + 1,056 
(Dilution) 1/12 5,342 + 952 4,707 + 1,214 
PPD 4.9 2,286 + 889 5.469 + 1,681 
10 2,777] + 640 6,816 + 1,857 
SKSD 4 2,531 5 607 2711-875 
120 5,480 + 994 6,748 + 1,785 
Mixed 
lymphocyte 
cultures} — 7,243 + 1,485 8,135 + 1,400 
PHA 74,016 + 11,061 67,556 + 8,722 
Con A 6,710 + 3,940 11,898 + 4,202 


——————  —————— GM 
* Mean CPM tritiated thymidine incorporation + SEM. 
t MLC containing 3 x 10° responder lymphocytes and 1 x 10° 
mitomycin-treated stimulator lymphocytes. 
All groups, survivors vs deaths NS by t-test. 
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Fic. 1. Lymphocyte reactivity to SKSD. r = —0.900. p < 0.05 for 
SKSD 4 units in nonsurvivors, remainder NS. Solid line: survivors. 
Dotted line: nonsurvivors. 


cording to lines of best fit. Figure 1 illustrates 
reactivity to SKSD; Figure 2 illustrates reactivity 
PPD; Figure 3 illustrates reactivity to mumps; and 
Figure 4 illustrates reactivity to PHA, Con A. and the 
mixed lymphocyte reaction. Although a statistically 
significant correlation is not achieved in all these 
regression lines, largely because of the large standard 
error inherent in lymphocyte blast transformation 
measurements over a period of time, in the patients 
who died a significant downward regression is noticed 
in the responsiveness to SKSD (4 units), PPD (2.5 and 
10 units), mumps (dilution of 1 in 18), the mixed 
lymphocyte reaction, and Con A. A significant down- 
ward regression was obtained for Con A in patients 
who survived, and a significant upward regression 
was obtained in phytohemagglutinin responsiveness 
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Fic. 2. Lymphocyte reactivity to PPD r = —0.955 for PPD 2.5 and 
—0.933 for PPD 10, both in nonsurvivors. p < 0.01. The line in sur- 
vivors NS. Solid line: survivors. Dotted line: nonsurvivors. 
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Fic. 3 Lymphocyte reactivity to mumps. r = —0.793, p< 0.05, for 
mumps | in 18 dilution, nonsurvivors, remainder NS. Solid line: 
survivors. Dotted line: nonsurvivors. 


in patients who died. Thus the statistical analysis 
reveals a significant prognosis of nonsurvival using 4 
units of SKSD, PPD, a 1 in 18 dilution of mumps and 
the mixed lymphocyte reaction; Con A was an accurate 
mirror of the burn injury, but was statistically unable 
to differentiate between survivors and nonsurvivors; 
and phytohemagglutinin reactivity appeared to in- 
crease in the nonsurvivors with the progression of time. 


Discussion 


It is important to establish the natural history of 
immunologic changes following disease and surgical 
injury, both for the identification of and prognosis for 
at risk groups, and for the timing of immunologic 
interventions such as vaccination or immunomodula- 
tion. Skin testing to measure delayed hypersensitivity 
antigens has been popularized by the McGill group,” 
but there is evidence that repeated skin testing may 
alter the subsequent responses of patients. In any 
event, repeated skin testing with a variety of antigens 
may be impractical in an extensively burned individual. 
Our results show that serial testing of blast trans- 
formation in vitro is an accurate predictor of survival, 
but that to be of significance these responses have 
to be measured serially since neither pooled data nor 
one-time measurements showed a statistically sig- 
nificant difference between the survivors and the non- 
survivors. We also confirm our own and other in- 
vestigators earlier observations that phytohemagglutinin 
responsiveness is practically meaningless both in the 
documentation of the effect of injury and as a prog- 
nostic tool. 

Blast transformation of peripheral lymphocytes in 
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vitro is not a pure test of T-cell responsiveness, 
since there is a minimum requirement for a macrophage 
population for blast transformation to occur. Since, 
however, neutrophil migration, macrophage migration 
and the inflammatory reaction are not involved in blast 
transformation, in vitro these results can be interpreted 
somewhat more precisely than the results of skin 
testing. 

There are one or two other interesting observa- 
tions that may be made from these results. Although 
lack of statistical significance between one-time 
measurements precludes any firm conclusions, in- 
spection of Figures 1 to 4 reveals that, as a rule, 
the reactivity of lymphocytes from patients who 


eventually died actually started at à higher level thane ° 


that of those who eventually survived. That means 
that in the time course of the injury there comes a 
"Crossover point" at which time the reactivity of 
the survivors, rising with the progression of time, 
crosses the line of reactivity of the nonsurvivors, 
which fall with the progression of time. This crossover 
point varies according to the antigen being tested, 
occurring as early as 48 hours in response to a 1 in 18 
dilution of mumps antigen, or as late as 14 days in the 
case of 10 units of PPD. If the development of im- 
munosuppression following burn injury is an effect of 
suppressor cell stimulation, as was postulated first by 
us? and now widely demonstrated,®* then it is pos- 
sible that these suppressor cells clone at different times 
after the injury, according to which antigen is being 
looked at. This finding would dictate great caution in 
the use of immunomodulating agents which have a non- 
specific action on host defenses, where the time of 
administration may be critical. For this reason we have 
incorporated the testing of immunomodulating agents 
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Fic. 4. Lymphocyte reactivity to PHA, Con A, and in MLC. 
r = —0.744, p < 0.05 for MLC in nonsurvivors, r = —0.911, p < 0.01 
for Con A in nonsurvivors, r = —0.801, p < 0.05 for Con A in sur- 
vivors, r = 0.888, p < 0.05 for PHA nonsurvivors, NS for re- 
mainder. Solid line: survivors. Dotted line: nonsurvivors. 
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into this in vitro system; these results will be reported 
in the future. 

In conclusion, in vitro blast transformation of 
human peripheral lymphocytes following thermal 
trauma is an accurate predictor of outcome provided 
serial determinations are carried out; the most ac- 
curate indicators of prognosis are the natural antigens, 
and the least accurate, the mitogen PHA. 
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Opsonic Glycoprotein (Plasma Fibronectin ) Levels 


after Burn Injury 


Relationship to Extent of Burn and Development of Sepsis 


MARC E. LANSER, M.D., THOMAS M. SABA, PH.D., WILLIAM A. SCOVILL, M.D. 


The time course of immunoreactive and bioassayable opsonic 
a»-SB glycoprotein (plasma fibronectin), as well as its relation- 
ship to both the extent of injury and development of postburn 
sepsis, was evaluated following burn injury. Immunoreactive 
opsonic fibronectin was depleted acutely within hours following 
burn; its maximal depletion occurring 12 hours postburn in- 
jury. The magnitude of depletion was correlated with the body 
surface area burned, and normal levels were restored at 24 
hours postinjury. There was a tendency toward rebound hyper- 
opsonemia at two weeks postburn, with a slow return to normal 
over the ensuing weeks. Bioassayable opsonic protein levels, 
in general, paralleled those of immunoreactive protein. 
Following restoration of opsonic protein levels, a secondary 
phase of opsonic fibronectin deficiency (p — 0.05) developed 
in those burn patients that became septic. Moreover, this 
opsonic fibronectin deficiency actually became apparent 
prior to the onset of clinical sepsis, although it was maximal 
during sepsis. The resolution of the septic episode was as- 
sociated with the return of plasma opsonic fibronectin levels 
to normal. The possibility that secondary deficiency in im- 
munoreactive opsonic fibronectin may be a reliable index 
of impending sepsis following burn warrants further in- 
vestigation. 


HE SUSCEPTIBILITY OF THE BURN patient to sepsis 
T is well documented.*???? Sepsis is involved in the 
cause of organ failure, and is the most important cause 
of complications and death following resuscitation 
from burn shock.???????56 Alterations in host defense, 
both humoral and cellular, are thought to predispose 
the injured patient to the development of sepsis.' * 
A major portion of systemic defense is contributed by 
the reticuloendothelial system (RES), composed prin- 
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cipally of sessile macrophages within the liver (Kupffer 
cells) and spleen. They contribute to systemic defense 
by removing blood-borne bacteria, tissue debris, and 
products of disseminated intravascular coagulation 
(DIC).!*25?? Tolerance to experimental burn, trauma, 
and sepsis has been correlated with the ability of the 
RES to clear injected test particulates from the 
blood,?!523?5 and such particle clearance has been 
used as a test to determine the functional state of the 
RES. Kupffer cell phagocytosis of these particles is 
modulated by opsonic as-surface binding (SB) glyco- 
protein, recently discovered to be identical to plasma 
fibronectin (cold-insoluble globulin).'^?* This protein 
has been shown by immunoassay to be depleted fol- 
lowing clinical and experimental trauma as well as 
operation, especially in association with sepsis and 
multiple organ failure .**-”°:76-*! 

Opsonic fibronectin deficiency in septic trauma pa- 
tients can be reversed by the administration of a 
cryoprecipitate, which is rich in opsonic protein.” 
Such reversal improves the patient’s clinical state, 
with respect to sepsis and cardiopulmonary function.?!?? 
It remains to be determined, however, if the opsonic 
deficiency in sepsis preceeds or follows the septic state. 
To evaluate this problem, we investigated the temporal 
response of plasma opsonic fibronectin, as measured by 
both immunoassay and bioassay following burn injury, 
and its relationship to both the extent of injury and 
postburn sepsis. 


Patients and Methods 


Fifteen adult patients, ranging in age from 18 to 86 
(average: 41 years), who sustained second and third 
degree burns of between 20 and 9046 body surface area 
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* (BSA) were studied. The average BSA burn was 4092 
and the average third degree burn was 21%. The studies 
were designed to evaluate patients during both the 
acute and long-term postburn period. Patients were 

" studied as soon after i injury as possible. Nine patients 
were studied within 24 hours of injury, while six patients 
were transferred from other hospitals and therefore 
were studied later in their postburn course. Blood 
samples (10 ml heparinized and 3 ml EDTA) for opsonic 
protein determinations were drawn every six hours for 
the first 24 hours postburn and then daily thereafter 
for six weeks, or until discharge or death. Flow sheets 
were maintained for each patient for daily recording 
of vital signs, blood counts, bacteriologic culture 

* *results, radiographs, antibiotics, and operative inter- 

ventions. We characterized patients as septic if they 
had either positive blood cultures or clinical pneumonia 
correlated with positive sputum smears and cultures. 

In addition, fever > 38.8 C or WBC count less than 

5,000 or greater than 12,000/mm? within one day of a 

positive blood culture was included in the definition of 
sepsis. Informed consent for blood sampling was ob- 
tained in accordance with institutional guidelines. 





Bioassay 


The biologic opsonic activity was assessed using a 
standard liver slice tissue bioassay.!?5?5 Liver slices 
weighing 200—250 mg were prepared from normal rat 
donors with a Stadie-Riggs tissue slicer. The slices were 
incubated in a medium containing | ml of fresh hepa- 
rinized patient plasma, 2 ml of Krebs-Ringer phosphate 
(pH 7.4), 100 USP units of heparin, and 2 mg of the 
gelatinized I 131-labeled “RE test lipid emulsion." 
This gelatinized RE test lipid emulsion has been 
. previously described and its uptake by phagocytic 
cells of the RE system has been documented.!5? 
All plasma samples were evaluated three times. Incuba- 
tion took place in 25 ml Erlenmeyer flasks under a 
gas phase of 95% O, and 5% CO, in a Dubnoff metabolic 
shakerat37 Cfor30 minutes. Following incubation, the 
liver slices were washed, weighed, and isotopically 
analyzed for colloid uptake. Opsonic activity was ex- 
pressed as a percentage of the injected 2000 ug colloid 
dose (ID) phagocytized per 100 mg of liver slice (%ID/ 
100 mg). Normal value for 13 healthy adults used as con- 
trols in the study was 3.24 + .32 %ID/100 mg. 


Immunoassay 


Immunoreactive opsonic protein (plasma fibro- 
nectin) levels were quantitated by electroimmuno- 
assay, as recently described.?!!?» The human opsonic 
protein was isolated by affinity chromatography !'?-!? 
- and monospecific antibody was prepared in rabbits, as 
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documented previously.™*!! The monospecific anti- 
serum was then mixed with a 1% agarose gel to yield 
a final antiserum concentration of approximately 0.6% 
dependent upon the actual antibody titer. Three- 
millimeter wells were cut in the agarose coated 5 x 10 
inch glass plates at intervals of 1 cm; and 10 ul of 
diluted 10% experimental plasma (EDTA) was added to 
each well. We used plasma instead of serum in these 
studies to present better comparison between the im- 
munoassay and bioassay. Samples were electrophoresed 
toward the anode at a voltage of 7V/cm at 4 C for 22 
hours. The plates were then washed and stained as 
previously described. The human standard for the 
assay contained 340 ug/ml of immunoreactive human 
opsonin. Rocket heights were recorded in millimeters 
and absolute concentration was determined by drawing 
a standard curve relating rocket height to varying 
concentrations of the known human standard. 


Results 


The time course for opsonic fibronectin following 
burn is illustrated in Figure 1, which demonstrates 
changes in both immunoreactive and bioassayable 
protein levels following injury. Maximal depletion of 
immunoreactive protein occurs at approximately 12 
hours after injury, when the level drops to 154 + 39 
ug/ml (normal = 327 + 23 ug/ml, p < 0.005). Immunore- 
active opsonic protein levels return to normal at about 
24 hours postburn, and remain at or above normal 
thereafter unless sepsis intervenes (see below). There 
is a tendency towards ‘‘hyperopsonemia’’ during the 
time frame of 16-18 days postburn (398 + 24 ug/ml, 
p < 0.05) with return towards normal thereafter. In 
general, changes in bioassayable activity parallel 
those of immunoreactive protein. Because only fresh 
plasma samples were used for bioassay determination, 
patients admitted in the middle of the night did not 
have their acute plasma bioassayable activity con- 
sistently measured. The number of bioassay determina- 
tions prior to 24 hours were, thus, not sufficient to draw 
valid statistical conclusions; these points are there- 
fore omitted. In association with the immunoreactive 
hyperopsonemia, there was a small elevation in the 
average bioassayable activity (3.70 %ID/100 mg) above 
control values (3.24 + 0.32) at about 2 weeks postburn. 

The magnitude of the acute depletion was directly 
correlated with the per cent BSA burned. Figure 2 
demonstrates this relationship, which plots the maxi- 
mal depletion of immunoreactive protein in six pa- 
tients followed from within six hours of injury Versus 
their per cent BSA burn (r — 0.90). 

Sepsis was associated with a significant depletion 
of immunoreactive opsonic protein which returned to 
normal following resolution of the septic episode 
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(Fig. 3). Patients destined to become septic underwent 
the same acute depletion and recovery as the nonseptic 
patients. Two or three days prior to the onset of clinical 
sepsis, however, there was a second phase of opsonic 
fibronectin deficiency in those patients that became 
septic which was in contrast to the nonseptic patients 
(Table 1, Fig. 3). The relative depletion of both immuno- 
reactive and bioassayable fibronectin during sepsis is 
shown in Figure 4, in which the mean value during sepsis 
Is compared to nonseptic patients over the same post- 
injury interval with the same per cent BSA burn. Im- 
munoreactive levels fell to 207 + 14 ug/ml as compared 
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Fic. 2. Correlation between per cent body surface area burn and 
maximal depletion of immunoreactive opsonic protein measured 
within the first 12 hours postburn in six patients (r — 0.90, p — 0.05). 
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Fic. 1. Immunoreactive and 
bioassayable opsonic pro- 
tein following burn. Each 
point represents the mean 
+ SEM for 6-18 deter- 
minations. Normal values 
are 327 + 23 ug/ml for im- 
munoreactive protein (solid 
line) and 3.24 + 32 %ID per 
100 mg liver tissue for bio- 
assayable protein (broken 
line). The depression of im- 
munoreactive protein at 12 
hours is significant (p < 0.05). 
Bioassayable activity par- 
allels immunoreactive pro-* 
tein levels with respect to 
the temporal pattern. 


BIOASSAYABLE PLASMA OPSONIC 
PROTEIN (FIBRONECTIN) BY LIVER SLICE 
ASSAY (% ID/100 mg) 


with 358 + 18 ug/ml in the nonseptic group (p < 0.01), 
while bioassayable opsonic activity decreased to 1.64 
+ 0.49 %1D/100 mg as compared with 5.20 + 0.3 %ID/ 
100 mg in the nonseptic group (p — .005). 

The time course of opsonic fibronectin following burn 
injury and its relationship to the degree of injury and 
development of postburn sepsis is exemplified in the 
following typical case history chosen from the 15 patients 
studied. 


Case History 


Patient E.P., a 25-year-old man, sustained a 50% total, 20% third 
degree burn when his heater exploded in his mobile home. He was 
admitted to the Albany Burn Unit within six hours of injury, at 
which time his immunoreactive opsonic protein level was 200 ug/ml 
(Fig. 5). At 12 hours, there was a further decrease in his opsonic pro- 
tein level (165 ug/ml) which increased to 225 ug/ml 24 hours postburn 
and to 375 ug/ml on the second postburn day. Thereafter, his osonic 
fibronectin decreased daily, reaching 150 ug/ml on day 6. For 
example, immunoreactive opsonic protein levels fell to 235, 244, 
213 ug/ml on days 3, 4, and 5, respectively. The patient had a fever of 
39.2 C on day 5 following surgical debridement and on day 7 had a 
positive blood culture for Staphylococcus aureus. The patient was 
started with Gentamycin and underwent further debridement and 
skin grafting on day 10. He continued to have intermittently positive 
blood cultures for $. aureus until day 12, during which time his 
opsonic protein level averaged 150 ug/ml. This episode was followed 
by gradual clinical improvement and slowly increasing fibronectin 
levels which reached normal values 25 days postburn. Thereafter, 
his hospital course was uncomplicated and he was discharged 
seven weeks postburn. 


Discussion 


Burn injury results in complex alterations in host 
defense which are thought to predispose the injured 
patient to the development of sepsis. These include . 
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Fic. 3. Immunoreactive op- 
sonic protein patterns fol- 
lowing burn in three septic 
(broken line) and 12 non- 
septic (solid line) patients. 
Sepsis occurred between 
days 7—17 in all three pa- 
tients. Patients destined to 
become septic deviate from 
the nonseptic pattern two to 
three days prior to the onset 
of clinical sepsis, attaining 
the lowest levels during the 
septic period. Recovery of 
immunoreactive protein lev- 
els is complete following 
the resolution of the septic 
episode. Specific cofnpari- 
sons are: days seven to 
nine (154 + 9 vs 392 + 29: 
p « 0.05); days 10—12 (166 
+ 14 vs 334 + 23, p < 0.05); 
days 13-15(196 + 88 vs 378 
+ 36, p < 0.05) and days 16- 
18 (249 + 30 vs 408 + 43,p 
< 0.05). 
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deficits in neutrophil and lymphocyte function,'~* de- 
pletion of immunoglobulins," alterations of the com- 
plement cascade,’ anergy to delayed hypersensitivity 
tests*!? and functional depression of the RES. !5:23.25.32 
The phagocytic functional state of the RES following 
burn has been evaluated experimentally by measuring 
the rate of clearance of inert particles,???533 or by 
determining the ability of burn plasma to support 
phagocytosis by normal rat liver Kupffer cells in 
vitro.” Plasma opsonic fibronectin is now known to 


modulate the above RES function, and its deficiency 
following experimental blockade, trauma or surgery 
has been well documented. !!:25:25:26 

Warner and Dobson,? using chromic phosphate 
P32, Rittenbury and Hanback?? using a colloidal fat 
emulsion (Lipomul) and Schildt^*?? using human 
chromic chloride Cr 5l-labelled red blood cells all 
demonstrated decreased clearance of these particles 
following experimental burn with a tendency towards 
a supranormal rate of clearance at approximately 14 


TABLE l. /mmunoreactive Plasma Opsonic Fibronectin (FN) in Burn Patients Prior to and During Sepsis 
As Compared with Nonseptic Patients with Comparable Injury 
ee 
Patient Per Cent Day of * FN During? FN Preceedingt 
(age) Burn Sepsis Sepsis (ug/ml) Sepsis (ug/ml) Organism 
— M —— ÓÀ—— — M i aaa 
Septic patients 


CW (34 years) 65 7-19 165 + 20 222 S. pneumoniae 
AM (56 years) 30 6-11 278 + 18 338 Enterobacter 
EP (25 years) 50 6—16 198 + 30 232 S. aureus 
Average (38 years) 48 207 + 148 poo X 23 

Nonseptic patients 
CS (61 years) 35 7-17 357 + 14 287 
KF (22 years) 35 7-17 444 + 18 324 
MC (18 years) 50 7-17 431 + 32 ND 
MF (41 years) 40 7-17 422 + 17 344 
Average (41 years) 40 358 + 188 292 + 8 


meena gcc icc a ee se 
* Sepsis was defined as positive blood cultures or clinically docu- t The mean of all determinations made during the three days im- 


mented pneumonia. Fever > 38.8C or WBC count less than 5,000 or mediately preceeding the diagnosis of sepsis. In nonseptic patients 
greater than 12,000 within one day of positive blood cultures were the determinations made during four to six days postburn are used. 
also included in the diagnosis of sepsis. § The difference between the groups is highly significant (p < 0.001). 

t Values represent the mean + SEM for all determinations during ' Four nonseptic patients of comparable age, burn size and perio 
sepsis. The values in nonseptic patients are those determined during postburn were used as a control group. : 
the 7—17 day postburn period. ND - not done. 
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days postburn in surviving animals. The acutely 
diminished clearance capacity was related to the 
severity of burn, and nonsurviving animals demon- 
strated a persistently depressed clearance ability. 
Colloid injections have been used for assessment of 
RE function in patients with the same results,?" but 
its application is limited due to the blockading effect 
on the RES of the test substance itself?’ and the known 
heightened susceptibility to injury, sepsis and trauma 
following RES blockade due to a depletion of opsonic 
fibronectin.!'/929 The ability of plasma to support 
phagocytosis of test particles in vitro, therefore, has 
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Fic. 4. Immunoreactive 
and bioassayable plasma 
opsonic protein (fibronectin) 
in sepsis. The mean values 
+ SEM during documented 
sepsis (striped bars) are 
compared with nonseptic 
patients (solid bars) during 
the same period postburn 
with the same per cent body 
surface area burn. Immuno- 
reactive protein fell to 207 
+ 14 ug/ml compared to 
358 + 18 ug/ml in the non- 
septic group (p < 0.01) and 
bioassayable activity de- 
creased to 1.64 + 0.49 
%1D/100 mg compared to 
5.20 x 0.3 %1D/100 mg (p 
< 0.005). Details for the 
above patients (septic n = 3; 
nonseptic n = 4) with re- 
spect to degree of burn and 
individual fibronectin levels 
are presented in Table 1. 


% ID / 100mg 


been used as a useful noninvasive index of RES func- 
tion, as the in vitro liver slice assay correlates well 
with the ability of the RES to clear the blood of particu- 
lates in vivo.!5?5?? Following the isolation, purification 
and characterization of opsonic a,-SB glycoprotein” 
it has been demonstrated to be the plasma constituent 
responsible for opsonization of test particles, and its 
depletion following experimental surgery and trauma 
correlates well with the above in vivo and in vitro 
assays.!^?* To our knowledge, this is the first clinical 
study documenting the temporal changes in immuno- 
reactive opsonic protein (fibronectin) following burn 
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Fic. 5. Patient E.P.: immunoreactive opsonic protein as measured by rocket immunoelectrophoresis. A standard curve was constructed from 
the five rockets on the left containing 2-20% plasma of known opsonic protein concentration. A 10% dilution of the patients plasma 
on the days indicated were placed in the wells to the right. A normal plasma concentration would correspond to a rocket height equal to the 
10% standard dilution. Documented sepsis was present between day 7 and 13 postburn. Immunoreactive opsonic protein levels fell from 375 on day 
2 to 235, 244, 213 and 150 ug/ml on days 3, 4, 5, and 6 respectively. A positive blood culture for S aureus first recorded on day 7. 
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injury and as such, suggests that this parameter may 
be a noninvasive measurement of RES function fol- 
lowing burn and have prognostic value during the 
course of burn therapy. | 

Goldman et al.,^ in studying biologic opsonic 
activity in plasma of burned children found a prolonged 
depression lasting 49 days following burns of greater 
than 40%, and found an even greater depression asso- 
ciated with septic complications. Our findings of normal 
biologic activity, except in the cases of sepsis, is not 
at variance with their results as the average burn size 
was 4176 BSA in our study, and the patients with larger 
burns did, in fact, have a prolonged opsonic deficiency 
when evaluated individually. 

Liedberg!? demonstrated decreased phagocytosis of 
Pseudomonas by peritoneal macrophages and poly- 
morphonuclear leukocytes (PMN) when the bacteria 
were injected intraperitoneally (IP) 24 hours after 
burning. McRipley and Garrison?! found that suscepti- 
bility to IP injection of Pseudomonas aeruginosa in- 
creased markedly within minutes after burns of greater 
than 30%, much before any drop in immunoglobulins 
or complement could occur.'*? Three days following 
burn, however, susceptibility was equal to control. 
Alexander! confirmed these observations, but in ad- 
dition found that animals innoculated with Pseudo- 
monas IP two or seven days postburn had a decreased 
susceptibility when compared to controls. He also 
examined peritoneal exudates following IP injection of 
Pseudomonas one hour and 72 hours following burn. 
Phagocytes were more numerous and clearance of 
bacteria was greater in control animals than animals 
burned 1 hour prior to IP innoculation, but the situ- 
ation was reversed 72 hours after burning, when the 
number of phagocytes were greater and clearance more 
effective in burned animals. It was not possible to 
separate intracellular killing from phagocytosis in these 
studies. Recently, Bjornson’ demonstrated that op- 
sonins other than IgG and complement might be 
deficient in acute burn sera, and postulated that altera- 
tions in the alternative pathway could account for the 
deficiency. Though documenting functional depression 
in the alternative pathway and depressed classical 
activity in patients destined to become septic, they 
could not consistently demonstrate an opsonic defect 
toward the offending organism, nor correlate comple- 
ment deficiency to opsonic deficiency when found. 
They concluded that other as yet unidentified opsonic 
factors could account for the observed results. 

This acute depression of RES activity and anti- 
bacterial host resistance followed by hyperactivity 
and increased resistance corresponds to the time 
course of immunoreactive opsonic fibronectin fol- 
lowing experimental burn, trauma, and operation. 16-26-28-31 
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The recent finding in our laboratory that fibronectin 
is involved in bacterial phagocytosis," as well as 
clearance of test colloids, may partly explain the above 
alterations in host defense seen experimentally and 
clinically following burn. 

Alexander and Moncrief? demonstrated a depressed 
primary immune response to particulate antigen given 
four days postburn. Antigens given prior to burn in- 
jury elicited an effective primary immune response. 
They hypothesized that a defect existed in the afferent 
limb of the immune response, specifically in macro- 
phage phagocytosis of the particulate antigen prior to 
immunologic processing. Because of the documented 
role of fibronectin in opsonization of particulates by 
macrophages, it is possible that the above defect is 
explainable on the basis of the acute hypoopsonemia 
following burn. The role of fibronectin in the afferent 
limb of the immune response warrants investigation. 

Decreased resistance to experimental trauma after 
RES blockade is postulated to be due to inadequate 
removal of generated particulates because of the 
associated fibronectin deficiency. Injury alone is 
capable of producing an acute opsonic fibronectin 
deficiency due to both the high affinity of FN for ex- 
posed collagen as well as its consumption during 
particle clearance (24). Products of DIC, platelet 
aggregates, and microthrombi, known to be produced 
by the septic process? are cleared by the RES and 
opsonization by plasma fibronectin appear to modulate 
their clearance.'5?*25 Clearance of these particulates 
is thought to ensure integrity of organ function by 
preventing microembolization of these particulates in 
organ vascular beds with subsequent organ failure.? 
The finding that a second depression in circulating 
opsonic fibronectin seemed to precede the onset of 
clinical sepsis, is both interesting and unexpected. 
Fibronectin deficiency associated with sepsis and in- 
jury has heretofore been understood to be the result 
of, rather than a predisposing condition for, the 
development of sepsis.!5?»?! In light of new evidence 
that fibronectin is necessary for maximal neutrophil 
phagocytosis of bacteria in a serum medium." acute 
postburn deficiency could well be a contributing cause 
to the development of subsequent sepsis. Indeed, this 
potential physiologic role of opsonic o,SB glyco- 
protein (plasma fibronectin) may, in part, explain the 
marked improvement seen in septic surgical, trauma 
and burn patients with coexistent organ failure fol- 
lowing reversal of opsonic fibronectin deficiency by 
infusion of plasma cryoprecipitate.?*25-31.32 
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Proven highly effective for the 
treatment of serious infections* 


*Due to susceptible strains of indicated 
bacteria at indicated sites. 


Copyright © 1980 by Merck & Co.. Inc. Ail rights reserved 





Now Indicated 
for prophylaxis 
to reduce the incidence 


of certain postoperative 
infections complicating 


e GI surgery: * Vaginal hysterectomy’ e Cesarean section: 


Providing a broad spectrum-— including Bacteroides fragilis 


In controlled clinical trials, MEFOXIN^ (Cefoxitin Sodium, MSD) 
reduced the incidence of certain postoperative infections 
with use limited to a 24-hour period following the operative procedure. 
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Prophylac ic ac inistration should usually be of the causative organisms so that appropriate 
pped witt in 24 Tourssince continuing adminis- therapy may be instituted. 


prom: ie y ep c increases the possibility MEFOXIN (Cefoxitin Sodium, MSD) is contra- 
Da. um TM T indicated in patients who have shown hypersensi- 
| tPerioperatively: Two grams administered intra- pn to cefoxitin and the dub Loa qroup of 
| venously or intramuscularly just prior to surgery ^ antibiotics. Before therapy with MEFOXIN is 
'— (approximately % to 1 hour before the initial instituted, careful inquiry should be made to deter- 
jsior inen 2 grams every 6 hoursfor no more mine whether the patient has had previous hyper- 


Irs. sensitivity reactions to cefoxitin, cephalosporins, 


27. aaa i penicillins, or other drugs. This product should be 

tCesarean-section patients: The first dose of 2 given with caution to penicillin-sensitive patients. 
[is ms is administered intravenously as Soon as ^ Antibiotics should be administered with caution to 
the umbilical cord is clamped. The second and any patient who has demonstrated some form of 

ird doses should be given as 2 grams intra- allergy, particularly to drugs. If an allergic reaction 

venously or intramuscularly 4hours and 8 hours to MEFOXIN occurs, discontinuethe drug. Serious 
after the first dose. Subsequent doses may be hypersensitivity reactions may require epineph- 
given every 6 hours for no more than 24 hours. rine and other emergency measures. Use of the 


For complete details on dosage and administra- drug in women of childbearing potential requires 
tion, seefull prescribing information. that the anticipated benefit be weighed 
against the possible risks. 
If there are signs of infection, specimens for For a brief summary of prescribing information, 
culture should be obtained for the identification please see following page. 





Mefoxin w 
(Cefoxitin Sodium|MSD) 


Indications and Usage: Treatment- Serious infections caused by 
susceptible strains of the designated microorganisms in the following 
diseases: 

LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia 
and lung abscess, caused by Streptococcus pneumoniae (formerly 
Diplococcus pneumoniae ), other streptococci (excluding enterococci, 
e.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non- 
penicillinase producing), Escherichia coli, Klebsiella species, 
Hemophilus influenzae, and Bacteroides species. 

GENITOURINARY INFECTIONS. Urinary tract infections caused by 

E. coli, Klebsiella species, Proteus mirabilis, indole-positive Proteus 
(i.e., P morganii, P rettgeri, and P vulgaris), and Providencia species. 
Uncomplicated gonorrhea due to Neisseria gonorrhoeae. 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra- 
abdominal abscess, caused by E. coli, Klebsiella species, Bacteroides 
species including the B. fragilis group,* and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellu- 
litis, and pelvic inflammatory disease, caused by E. coli, N. gonor- 
rhoeae, Bacteroides species including the B. fragilis group, 
Clostridium species, Peptococcus species, Peptostreptococcus species, 
and group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneu- 
moniae), Staph. aureus (penicillinase and non-penicillinase 
producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.* 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicil- 
linase and non-penicillinase producing). 

SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus 
(penicillinase and non-penicillinase producing), Staph. epidermidis, 
streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, 

P mirabilis, Klebsiella species, Bacteroides species including the B. 
fragilis group,* Clostridium species, Peptococcus species, and Pepto- 
streptococcus species. 

Although appropriate culture and susceptibility studies should be 
performed, therapy may be started while awaiting these results. Cefox- 
itin is not active in vitro against most strains of Pseudomonas aerugi- 
nosa and enterococci (e.g., Strep. faecalis) and many strains of 
Enterobacter cloacae. Methicillin-resistant staphylococci are almost 
uniformly resistant to cefoxitin. 

Prevention - Prophylactic use perioperatively (preoperatively, 
intraoperatively, and postoperatively) in surgical procedures (e.g., vagi- 
nal hysterectomy, gastrointestinal surgery) classified as contaminated 
or potentially contaminated or in patients in whom infection at the 
operative site would present a serious risk, e.g., prosthetic arthroplasty; 
intraoperatively (after umbilical cord is clamped) and postoperatively in 
cesarean section. 

MEFOXIN usually should be given 2 to 1 hour before the operation, 
which is sufficient time to achieve effective levels in the wound during 
the procedure. Prophylactic administration should usually be stopped 
within 24 hours since continuing administration of any antibiotic 
increases the possibility of adverse reactions but, in the majority of 
surgical procedures, does not reduce the incidence of subsequent 
infection. However, in patients undergoing prosthetic arthroplasty, it is 
recommended that MEFOXIN be continued for 72 hours after the 
surgical procedure. If there are signs of infection, specimens for culture 
should be obtained for the identification of the causative organism so 
that appropriate therapy may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the 
cephalosporin group of antibiotics. 

Warnings: BEFORE THERAPY IS INSTITCTED, CAREFUL INQUIRY 
SHOULD BE MADE TO DETERMINE PREVIOUS HYPERSENSITIVITY 
REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR 


OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE 
PATIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME 
FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC 
REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. 


SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPH- 


RINE AND OTHER EMERGENCY MEASURES. 
Precautions: The total daily dose should be reduced in patients with 
transient or persistent reduction of urinary output due to renal insuffi- 
ciency because high and prolonged serum antibiotic concentrations 
can occur in such individuals from usual doses. As with other anti- 
biotics, prolonged use may result in overgrowth of nonsusceptible 
organisms; repeated evaluation of the patient's condition is essential. If 
superinfection occurs, take appropriate measures. Increased nephro- 
toxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

Interference with Laboratory Tests —As with cephalothin, high concen- 
trations (> 100 mcg/ml) may interfere with measurement of serum and 
urine creatinine levels by the Jaffe reaction and produce false increases 
of modest degree in creatinine levels reported; serum samples should 
not be analyzed for creatinine if withdrawn within 2 hours of cefoxitin 
administration. A false-positive reaction for glucose in urine has been 
observed with CLINITESTS reagent tablets. 

Pregnancy —|In women of childbearing potential, weigh anticipated 
benefit against possible risks. 

Nursing Mothers — Cefoxitin is excreted in human milk in low 
concentrations. 

Infants and Children —Safety and efficacy in infants from birth to three 
months have not yet been established. In children three months and 
older, higher doses have been associated with increased incidence of 
eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been 
local reactions following intravenous or intramuscular injection. Other 
adverse reactions have been encountered infrequently. Local Reac- 
tions — Thrombophlebitis with intravenous administration; pain, 
induration, and tenderness after intramuscular injections. Allergic 
Reactions — Rash, pruritus, eosinophilia, fever, and other allergic reac- 
tions. Gastrointestinal — Nausea, vomiting, and diarrhea. Blood — 
Transient eosinophilia, leukopenia, neutropenia, and hemolytic anemia; 
a positive direct Coombs test may develop in some individuals, espe- 
cially those with azotemia. Liver Function — Transient elevations in 
SGOT, SGPT, serum LDH, and serum alkaline phosphatase. Renal 
Function —Elevations in serum creatinine and/or blood urea 

nitrogen levels. 

Note: In group A beta-hemolytic streptococcal infections, therapy 
should be maintained for at least 10 days to guard against the risk of 
rheumatic fever or glomerulonephritis. In staphylococcal and other 
infections involving a collection of pus, surgical drainage should be 
carried out where indicated. Intramuscular injections should be well 
within the body of a relatively large muscle such as the upper outer 
quadrant of the buttock (i.e., gluteus maximus); aspiration is necessary 
to avoid inadvertent injection into a blood vessel. The total daily dosage 
in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles 
containing | gram or 2 grams cefoxitin equivalent. 

For more detailed information, consult your MSD representative or see 
full prescribing information. Merck Sharp & Dohme, 
Division of Merck & Co., INC.. West Point, PA 19486 


1B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 
$Registered trademark of Ames Company. Division of Miles Laboratories, Inc JOMF Ib (911) 





limited edition of a book of rare beauty and penetrating insight 


. A CENTURY OF SURGERY 1880-1980 


By Mark M. Ravitch, M.D. 


2 handsome volumes — 1,600 pages — 284 illustrations 
slip-cased — richly stamped in gold 


A work as exciting to create as it will be to 
own. Five years in the writing. Months in plan- 
ning and design. A treasured heirloom, to be 
read and savored and passed on to future 
generations. 

Its physical and visual qualities represent a 
return to an old-wordd sense of pride of craft. 
Printed to exacting stand- 
ards on matte non-glare 
coated paper, its superb il- 
lustrations — old daguer- 
rotypes, early x-rays, line 

drawings of surgical appa- 
IM ratus, artifacts of 100 years 
Mi of history — all leap alive 
Y & to the eye. 





offered in a limited numbered edition 
of 2,000 copies signed by the author 


Over 1,600 pages, with permanent sewn bind- 
ing, in a generous 8” x 10" format. The two 
volumes are bound in a handsome, durable 
covering of glowing burgundy and burnished 
with gold leaf. They are protected by a striking 
custom-crafted slip-case bearing a laminated 
reproduction in full color of Eakin's "The Gross 
Clinic”. 
the 100 year drama of American surgery 
from a surgeon whose pen 
is as deft as his scalpel 


Dr. Mark M. Ravitch, scholar, teacher, lec- 
turer, surgeon and gifted author, brings you 
the story of American surgery, seen through 
the eyes and heard through the voices of those 
who made it happen. And those who tried to 
hold it back. 

Drawn largely from Transactions, the offi- 
cial proceedings of the American Surgical 
Association, the history recalls and comments 
upon the surgical papers published from 1880 
through 1979. 





meet an unforgettable cavalcade 
of surgical stars 


In the exciting, often contentious, interchanges 
among surgeons (quoted directly from pub- 
lished records) you come to know: Samuel D. 
Gross, the founder of the American Surgical 
Association, and the most illustrious American 
surgeon of his day. Moses Gunn. Nicholas 
Senn. Rudolph Matas. J. B. Roberts. The 
Nobel Laureates, Alexis Carrel, Charles Hug- 
gins, and Theodor Kocher. Lester Dragstedt. 
Owen Wangensteen. Alfred Blalock. Robert E. 
Gross. Robert Zollinger. Francis D. Moore. 
Jonathan Rhoads. I. S. Ravdin. So many more. 


the wit and wisdom of 
American surgery 


In the book's many sections, one for each year, 
you trace the advances of surgery — a step for- 
ward, a stalemate, then a new beginning. Men 
in the 1880's, before their time, preaching 
Listerism, pioneering heart surgery, suggesting 
artificial respiration, warning against tourni- 
quets, venturing into brain surgery. 

"What works — was good." The x-ray, the 
growth and development of blood transfusion, 
the demonstration that hernia was curable, the 
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2 handsomely 

bound volumes: 
frontispiece and 

slip-case carry 

( full color 
reproductions of 

“The Gross Clinic" 
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reaction to the introduction of the sulfona; 
mides, the excitement over the new knowledge 
of bacteriology, the initial reports of cardiac 
and aneurysm surgery, antibiotics, heart trans- 
plants . . . and, throughout, the battle against 
infection, the bane of surgery. 


a history to read and enjoy 
a reference to enlarge your thinking 


This is an authoritative book . . . destined to 
become a classic reference. This is an absorbing 
book, with all the drama and sweep of an his- 
torical novel. This is an insightful book, reveal- 
ing character as only action and reaction can. 

Planned for practical use. Arranged chrono- 
logically. Meticulously indexed: an index of 
names; a conventional subject index; an index 
of the minutes of the American Surgical Asso- 
ciation; a special index of broad topics, 21 in 
all, which appears as a part of the Table of 
Contents. 


offered in a limited numbered edition, 
signed by the author 
now accepting priority reservations 


Because the numbered and signed copies 
will be limited to the first 2,000, we urge you 
to act immediately so that you may be among 
the fortunate few to own this magnificent 
set. 


p —— PRIORITY RESERVATION ——— —— 


| A CENTURY OF SURGERY 
1580-1960 
by MARK M. RAVITCH, M.D. 


J. B. Lippincott Company 
East Washington Square 
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Philadelphia, PA 19105 


O Please reserve my copy, (#65-06190) (à $195.00, * 
for a 30-day no-cost examination. 


O Please reserve an additional set which I wish to 
present as a gift. 


O Charge It: 
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Expiration Date 


O Enclosed is my check for $195.00. 
We pay postage and handling. 


O Please bill me in full amount of 
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and some answers to _ 
the most important questions 
in advanc 
breast cancer... 





HOW MUCH 
TIME 
AND HOW MUCH 
GOOD TIME”? 


How much time the patient with advanced breast 
cancer has is a question not answered simply. First, it's 
now clear that breast cancer is a heterogeneous group 
of diseases with variable time-courses! Second, once 
metastases appear, few patients are "cured; although 
survival may be prolonged and symptoms relieved for up 
to ten years? For instance, patients with slowly growing 
tumors — tumors usually characterized by the presence 
of estrogen and progesterone receptors — have an 8476 
chance of five-year survival compared to an 1876 chance 
for those with rapidly growing lesions? ^ 

Perhaps the more important question is how the 
years of survival are spent — and the decision to use a 
particular therapy should be based on the probability it 
. will not merely prolong life but will prolong meaningful 
life? In weighing the costs of different therapeutic 
, Maneuvers, subjective factors may be paramount: Can 
the patient manage the psychic trauma? Is hair loss to 
her worse than hirsutism and virilism? Will family and 
friends reject her?* 

Where does therapy with MEGACE? (megestrol 
acetate) belong in prolonging meaningful life? Simply, 
MEGACE may fit in anywhere in the sequence of palliative 
treatment in advanced breast cancer for four reasons. 
First. based on comparison with historic data from pub- 
lished studies, the overall effectiveness of MEGACE is 
comparable to that of any of the single cytotoxic agents 
in producing and maintaining objective benefits? ’ 
Second, in estrogen-receptor-positive patients the effec- 
tiveness of MEGACE is similar to that of the more active 
combinations of cytotoxic drugs? of any type of hormonal 
manipulation? Third, it is remarkably free of adverse 
reactions. (MEGACE should not be given during the first 
four months of pregnancy and caution should be 
observed in patients with a history of thrombophlebitis. ) 
And. fourth, many patients, including those who do not 
experience objective benefits, may have subjective 
improvement such as greater well-being, increased 
appetite, weight gain, and amelioration in spite of 
progressing disease” '9-"' 

MEGACE has shown particular benefit in patients 
whose tumors have estrogen receptors. Response rate 
was 83% in such patients; the higher the tumor estrogen- 
receptor content, the more complete and the longer the 
response. It was noted that bone lesions responded as 
often as did soft-tissue lesions? 

MEGACE has also been given with cytotoxic 
chemotherapy in patients with progressive disseminated 
disease refractory to first-line therapy. Although the 
overall rate of response with the combination was not 
significantly different from rates obtained with either 
MEGACE or the cytotoxic agent alone, the fact that com- 
plete remissions* were obtained was seen as particularly 
significant since all patients were refractory to chemo- 
therapy and/or endocrine maneuvers when they entered 
the studies? ? 

When you give MEGACE to patients with advanced 
breast cancer you may be giving a reasonable chance 
to extend time...and to make that time “good time: 
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"Breast and endometrial cancer: Controversy and 
consensus.” a new brochure, is now available. Should 
you wish a copy, please complete and send us the 
coupon below. 
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* Complete remission: disappearance of all clinical evidence of disease, includ- 


ing recalcification of lytic bone lesions and relief of tumor-related symptoms. 
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WARNING 
THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED 
Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion 
or treat threatened abortion. There is no adequate evidence that 
such use is effective and there is evidence of potential harm to the 
fetus when such drugs are given during the first four months of 
pregnancy. 

Furthermore, in the vast majority of women, the cause of abortion 
Is a defective ovum, which progestational agents could not be 
expected to influence. In addition, the use of progestational 
agents, with their uterine-relaxant properties, in patients with 
fertilized defective ova may cause a delay in spontaneous abortion. 
Therefore, the use of such drugs during the first four months of 
pregnancy is not recommended. 


Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies, including 
congenital heart defects and limb reduction defects" * One study 
estimated a 4.7-fold increased risk of limb reduction defects in 
infants exposed /n utero to sex hormones (oral contraceptives, 
hormone withdrawal tests for pregnancy, or attempted treatment 
for threatened abortion). 


Some of these exposures were very short and involved Only a few 
days of treatment. The data suggest that the risk of limb reduction 
defects in exposed fetuses is somewhat less than 1 to 1,000. 


If the patient is exposed to Megace during the first four months of 
pregnancy or if she becomes pregnant while taking this drug, she 
should be apprised of the potential risks to the fetus. 


INDICATIONS 

Megace (megestrol acetate) is indicated for the palliative treatment of 
advanced carcinoma of the breast or endometrium (i.e., recurrent. 
inoperable, or metastatic disease). It should not be used in lieu of 
currently accepted procedures such as surgery, radiation, etc. 
CONTRAINDICATIONS 

As a diagnostic test for pregnancy. 

WARNINGS 

Administration for up to 7 years of megestrol acetate to female dogs is 
associated with an increased incidence of both benign and malignant 
tumors of the breast. Comparable studies in rats and ongoing studies 
in monkeys are not associated with an increased incidence of tumors. 
The relationship of the dog tumors to humans is unknown but should 
be considered in assessing the benefit-to-risk ratio when prescribing 
Megace and in surveillance of patients on therapy. 

The use of Megace (megestrol acetate) in other types of neoplastic 
disease is not recommended. 

PRECAUTIONS 

There are no specific precautions identified for the use of Megace 
(megestrol acetate) when used as recommended. Close, customary 
surveillance is indicated for any patient being treated for recurrent or 
metastatic cancer. Use with caution in patients with a history of throm- 
bophlebitis. 

ADVERSE REACTIONS 

No untoward effects have been ascribed to Megace therapy. Reports 
have been received of patients developing carpal tunnel syndrome, 
deep vein thrombophlebitis and alopecia while taking megestro! 
acetate. 

OVERDOSAGE 

No serious side effects have resulted from studies involving Megace 
(megestrol acetate) administered in dosages as high as 800 mg/day. 
DOSAGE AND ADMINISTRATION 

Breast cancer: 160 mg/day (40 q.i.d.). 

Endometrial carcinoma: 40-320 mg/day in divided doses. 

At least two months of continuous treatment is considered an 
adequate period for determining the efficacy of Megace (megestrol 
acetate). 

HOW SUPPLIED 

Megace* is available as light blue, scored tablets containing 20 mg or 
40 mg megestrol acetate in bottles of 100 tablets each. 










NDC 0087-0595-01, 20 mg tablet Bottles of 100 
NDC 0087-0596-41, 40 mg tablet Bottles of 100 
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What cancer can't kill: | . 


HOPE. LOVE. COMPASSION. DIGNITY. 
TENDERNESS. UNDERSTANDING. 


Because now there's a book of sound advice 4 
for everyone whose loved one has cancer. 


How do you cope with cancer when someone you 
care for is the victim? How can you deal with the 
anger, fear and anxiety? Until now, the answer was 
a vague one. Today, however, there is a book—by 
an expert—that is a straightforward, wise, human 
discussion that can truly help you. It avoids both 
extreme anxiety and passive acceptance, looking 
for a middle way of reacting that may actually 
improve the chances of a cure. 


Doing for yourself — With $ 
the help of an expert. 


Out of the experience of thousands of patients, 
Dr. Cantor talks about every emotional conse- 
quence of the cancer experience. He discusses such 
vital emotional issues as faith in the physician; fear ? 
of abandonment; the process of restitution; the 
failure of treatment; how different types of 
marriages and family relationships are likely to 
respond; handling depression, and much more. Just 
about everything you could ever want to know. 
every piece of advice you could ever need, is con- 
tained in And A Time to Live. 

If you need help getting through your experience 
with cancer in someone you love, you need this 
book. It will help you have the kind of hope you 
never thought possible. 


“A fine and useful book, unusual in its scope, 
insight, and compassion.” 
—ALLEN B. WHEELIS, MD., 
author of The Seeker 


“An extraordinarily fine book . . . It is full of 
vitally important information and wise 
counsel for people who have cancer and for all 
who relate to them as professionals, family 
members, or friends." 

—NEVITT SANFORD, author of 
The Authoritarian Personality 


AND A TIME TO LIVE 


Toward Emotional Well-Being During the € risis of Cancer 
by Dr. Robert Chernin Cantor 
$10.95 


At vour bookstore, or: 


HARPER & ROW, Publishers 
Attn: R. Brengel 

10 East 53rd Street 

New York, N.Y. 10022 


Please send me _ - copies of And A Time to Live @ $10.95 
per copy plus 75¢ for postage and handling. If not satisfied. | 
may return the book(s) within 10 days for a full refund. L enclose y 
O check O money order in the amount of $ 

total. (Please add applicable sales tax.) é 
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New Second Edition! 


HERNI 


Edited by 


Lloyd M. Nyhus, M.D. 
and 


Robert E. Condon, M.D. 





Lippincott 
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The book to end all books on hernia" . . . "Magnifi- 
cent"... "recommended unreservedly”... "asum- 
mation of today's best total hernia knowledge” are 
Just a small sampling of the international acclaim 
which greeted the publication of the first edition of 
this major work on hernia. Dr. Nyhus has now joined 
with a new co-editor, the noted surgeon Dr. Robert E. 
Condon, to bring this tremendous opus up-to-date in 
a New (2nd) Edition. 


The many additions and revisions to this classic text 
fulfill the editors' goal of bringing together, in one 
definitive volume, all established and innovative 
concepts of hernial etiology, diagnosis, and repair. 
They reflect the current emphasis on specific types of 
hernias and certain therapeutic techniques. For 
example, of special interest in this edition is the 
considerably expanded section on hernias of the 
diaphragm, which represents the only truly compre- 
hensive review of this clinically important condition 
that is presently available. A helpful discussion of the 
Shouldice approach and experience is also included. 


The popular format of the original book has been 
retained, giving the readers the very best, most up-to- 
date information in every area of hernial surgery, 
from world-renowned contributors. The chapters are 
again followed by Special! Comments from invited 
experts, followed by Editorial Comments by the 
editors. 


782 Pages 
2nd Edition, 1978 


457 Illustrations 
$69.00 
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Different clinically... different 
physically... different chemically 


The first time you try AVITENE* (microfibrillar 
collagen hemostat) you will notice the difference. 
When you put it in contact with a bleeding surface, 
AVITENE adheres tenaciously. It attracts platelets, 
which adhere to its fibrils and undergo the release 
phenomenon which in turn triggers aggregation of 
platelets into thrombi in the interstices of the fibrous 
mass, initiating the formation of a physiologic clot. 


AVITENE interacts directly with the normal hemo- 
static mechanism (even in heparinized patients). This 
physiologic action is unique to AVITENE among all 
topical hemostats. 


AVITENE looks different, too. Neither a gelatin nor 
a cellulose, AVITENE is a fluffy, fibrous, absorbable 








For general and troublesome 
bleeding whenever a topical 
hemostat is needed 


The versatility of AVITENE makes it the topical 
hemostat of choice for practically any surgical proce- 
dure where there is general or troublesome bleeding. 


Apply AVITENE where there is diffuse or localized 
oozing, in areas inaccessible for suturing, and in pro- 
cedures (such as those involving friable organs or 
vessels) that could be compromised by cautery or the 
use of additional sutures. 

Properly handled, AVITENE is easily applied to the 
bleeding site by dry forceps, by specially prepared 
syringe, on a dry sponge, in a preformed wafer or as 
a ball. 
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Hemostatic effect of Avitene as seen with scanning electron microscope. Courtesy JH Kennedy, MD, Baylor College of Medicine, Houston. 


Dramatic results in neurosurgery 


AVITENE established its impressive reputation 
through use in the CNS where conventional hemo- 
static agents are of little value. Because of its adhesive 
properties, AVITENE is superior to gelatin sponges 
in venous sinus and pacchionian vessel bleeding. 
Excellent results can be achieved in epidural bleeding 
in craniotomies, accessible bone-edge bleeding and 
to control venous bleeding on cortical surfaces. 


Works fast, saves time, saves blood, 
L4 e kd e 

reduces costs, minimizes risks 
AVITENE usually Stops bleeding within minutes... See following page for prescribing information. For further information, 
saves OR time... may reduce the need for added please contact Medical Services Department of American Critical Care, 
transfusions and the attendant risk of reactions and Division of American Hospital Supply Corporation, 1600 Waukegan 

: Road, McGaw Park, Illinois 60085, Phone 312-473-3000. 
cross contamination ...lessens the potential for 


complications of prolonged anesthesia... readily E Amari wi I 


Hemostasis achieved with Avitene in craniotomy 
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AVITENE 


(ncrotibrilar colagen hemostat 


*Brief Summary of Prescribing Information 


Description: Avitene"* (microfibrillar collagen hemostat) is an absorb- 
able topical hemostatic agent prepared as a dry, sterile, fibrous, water in- 
soluble partial hydrochloric acid salt of purified bovine corium collagen. 
In its manufacture, swelling of the native collagen fibrils is controlled 
by ethyl alcohol to permit noncovalent attachment of hydrochloric acid 
to amine groups on the collagen molecule and preservation of the es- 
sential morphology of native collagen molecules. Dry heat sterilization 
causes some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of colla- 
gen which are essential to its effect on the blood coagulation mechanisms 
are preserved. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional pro- 
cedures is ineffective or impractical 


Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. This is 
due to simple mechanical interposition of dry collagen and not to any 
intrinsic interference with wound healing. By filling porosities of can- 
cellous bone, Avitene may significantly reduce the bond strength of 
methylmethacrylate adhesives. Avitene should not, therefore, be em- 
ployed on bone surfaces to which prosthetic materials are to be attached 
with methylmethacrylate adhesives. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide reacts 
with bound hydrochloric acid to form ethylene chlorohydrin. This product 
should not be resterilized. It is not for injection. Moistening Avitene 
or wetting with saline or thrombin impairs its hemostatic efficacy. It 
should be used dry. Discard any unused portion. As with any foreign 
substance, use in contaminated wounds may enhance infection 


Precautions: Only that amount of Avitene necessary to produce nemo- 
stasis should be used. After several minutes, excess material should 
be removed; this is usually possible without the reinitiation of active 
bleeding. Failure to remove excess Avitene may result in bowel ad- 
hesions or mechanical pressure sufficient to compromise the ureter. In 
otolaryngological surgery, precautions against aspiration should include 
removal of all excess dry material and thorough irrigation of the pharynx. 
Avitene contains a low, but detectable, level of intercalated bovine 
serum protein which reacts immunologically as does beef serum albumin. 
Increases in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers because 
of ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally shown a weak positive reaction to BSA or Avitene 
but these have not been correlated with IgG titers to BSA. Tests have 
failed to demonstrate clinically significant elicitation of antibodies of 
the IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rabbits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


* *Aviteneisaregistered trademark of Avicon, Inc., distributed by American 


Criticdl Care, division of American Hospital Supply Corporation. 


ws... American Critical Care 
.$$99:: (formerly Arnar-Stone Laboratories) 
*:** — Division of 
American Mu. DN Corporation 
McGaw Park IL 6008 


A dramatic new atlas/text 
captures step-by-step 
procedures in fhe . . . 


Plastic 
Surgery of the 
Female Breast 


By R. C. A. Weatherley-White, 
M.D., F.A.C.S. 


Watch the problem being corrected in 
sequential operative photographs and detailed 
line drawings that clarify each clinical problem 
and show the various surgical procedures that 
might be used. 


Review the book's thorough coverage of 
anatomy of the female breast—a discussion 
which lays the foundation for the surgical 
procedures that follow. 


Tells how to resolve specific problems in an 
easy-to-follow outline style. Each of the five 
central chapters covers a specific surgical 
problem. Experienced, highly skilled practitioners 
have selected 
representative 
cases and discuss 
the procedures 
used to effect 
successful results. 


8 x 10 

208 Pages 

375 Illustrations 
14-26303 

1980 

$37.50 


R.C A. WEATHERLEY-WHITE 





Harper & Row, Publishers, Inc. 
East Washington Square 
P.O. Box 1430, Philadelphia, PA 19105 


In Canada. distributed by: J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 
Please send me copy(ies) of Weatherley-White's 
PLASTIC SURGERY OF THE FEMALE BREAST @ $37.50 
each (14-26303). 
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Address. 








City/State/Zip 


Payment enclosed* (save postage & handling) 

Charge & bill me (plus postage & handling) 
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Gastroschisis and Omphalocele : 


An Eight-year Review 


THOM MAYER, M.D., RICHARD BLACK, M.D., MICHAEL E. MATLAK, M.D., DALE G. JOHNSON, M.D. 


Until recently confusion has existed concerning the clinical 
features and surgical treatment of gastroschisis and omphalo- 
cele. Since 1971 75 infants with these abdominal wall defects 
have been treated at our institution. Significant differences 
(p < 0.001 in all instances) were noted between the two dis- 
eases. Gastroschisis occurred twice as often as omphalocele 
and is increasing in frequency. Prematurity was commonly 
seen with gastroschisis (65%). While the overall incidence of 
malformations associated with gastroschisis was low (2396), the 
vast majority of the additional malformations were jejunoileal 
or colonic atresias. The mortality rate was 12.7% among 
gastroschisis patients, with only one death attributable to 
prematurity. All other deaths were preventable, indicating 
that even lower mortality rates are feasible. Omphalocele 
was associated with a 23% incidence of premature birth but 
associated anomalies were present in 66% of the patients. Major 
cardiac (52%) and chromosomal defects (40%) predominated. 
In addition, 17% of omphalocele patients had either Cantrell’s 
pentalogy or cloacal/bladder exstrophy. The mortality rate in 
ompbalocele (34%) was nearly three times that of gastros- 
chisis. Nine of ten patients who died from omphalocele 
died either from major cardiac or chromosomal disease. 
However, in patients without cardiac or chromosomal defects 
the survival rate was 9496. 


HILE LYCOSTHENES' Chronicon of 1557 and 
W Ambroise Pare's classic text of 1634 both give 
testimony that gastroschisis and omphalocele were 
known in the 16th century,'* uncertainty and con- 
fusion concerning the embryology, clinical presenta- 
tion, and surgical treatment of these anomalies con- 
tinued until the past two decades. Ballantyne in 1904 


‘used the term gastroschisis (from Greek: Gastro— 


€ 


belly; schism—rent or separation) to refer to all 
somatic abdominal wall defects with the exception of 
physiologic hernia of the umbilical cord. So common 
was the condition that he concluded, ‘‘There are so 
many cases of gastroschisis on record that the mere 
task of collecting all the references is arduous.’”! 
However, in 1953 Moore and Stokes? were able to 
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Medical Center, 320 Twelfth Avenue, Salt Lake City, Utah 84103. 
Submitted for publication: April 12, 1980. 
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find only five instances of gastroschisis— evidence 
that the term had been redefined. They emphasized 
that gastroszhisis was distinct from omphalocele in 
the absence of a membranous sac and in being an 
extraumbilical defect, usually to the right of the midline 
of the abdoraen. Malrotation of the bowel and a small 
peritoneal cavity were also common to the patients 
described. shaw’s discussion of the embryology of 
gastroschisis and omphalocele emphasized the distinct 
developmertal pathways of these lesions, as well as 
the markedly different clinical presentations.* Moore's 
review of 1977* further emphasized the marked 
clinical varations of the two anomalies. Sparked by 
both similarities and differences between existing data 
and our own experience, we undertook the eight-year 
review of gastroschisis and omphalocele presented. 


Methods 


The reccrds of 75 infants with abdominal wall de- 
fects, treatsd between August, 1971 and August, 1979 
at Primary Children's Medical Center, were reviewed 
with regard to sex, birth weight and gestational age, 
size of defect, associated congenital anomalies, length 


: of hospital stay, and mortality rate. Single-stage closure 


was effected whenever possible. Two-stage closure 
with Silastic® prostheses was used in patients in 
whom the peritoneal cavity was simply too small to 
accommocate the herniated contents or where primary 
closure would have produced respiratory complica- 
tions, venez caval compression, or vascular compromise 
to viscera Gastrostomies were performed in virtually, 
all patients with gastroschisis but in no patients with 
omphalocele. Patients with delayed bowel function 


0003-4932/80/1200/0783 $00.75 © J. B. Lippmcott Company 


783 


784" ioe 


received total parenteral nutrition either by central or 
peripheral routes. 


- Results 


Significant differences in clinical characteristics 
(p < 0.001 in all instances) were noted between 
patients with gastroschisis and patients with omphalo- 
cele (Table 1). Forty-seven patients with gastroschisis 
and 28 patients with omphalocele were treated in- 
dicating that gastroschisis was approximately twice as 
common (63 vs 37%). Prematurity, determined by birth 
weight and gestational age estimates, was associated 
with gastroschisis in 6596 of the patients. A lower 
incidence of additional malformations was associated 
with gastroschisis (23% of the patients), with jejunoileal 
and colonic atresias accounting for the majority of the 
associated anomalies. The mortality rate for gastros- 
chisis patients was 12.7%; however, four of the six 
deaths were possibly preventable. One gastroschisis 
death was due to prematurity and no death was at- 
tributed to associated malformations. 

Omphalocele patients had a 23% incidence of pre- 
maturity and a 66% incidence of associated mal- 
formations. Associated defects with omphalocele were 
more grave in nature, with cardiac malformations 
(52%) and major chromosomal abnormalities (40%) 
predominant. Either Cantrell’s pentalogy or cloacal/ 
bladder exstrophy were associated in 17% of the pa- 
tients with other anomalies seen less frequently 
(micrognathia— 10%, cranial abnormalities— 10%, 
diaphragmatic hernia—8%, Meckel’s diverticulum— 
8%, cleft palate/lip—-3%, polydactylism—3% and 
orthopedic anomalies—-3%. There were no patients 
with Beckwith-Wiedemann syndrome or tracheo- 
esophageal fistula. 

The mortality rate associated with omphalocele 
(34%) was nearly triple that of gastroschisis, with 
nine of ten omphalcele deaths due to major cardiac 
disease or chromosomal anomalies. Midsized defects 
(2.5—5.0 cm in diameter) were twice as frequent as 
either small (less than 2.5 cm) or large (greater than 
5.0 cm) defects in both gastroschisis and omphalocele 
patients. However, large defects were associated with 
increased mortality in nine of 14 omphalocele pa- 
tients, while no relationship of mortality to size of 
defect was seen in gastroschisis. 

Excluding patients with associated malformations 
incompatible with life, 7595 of omphalocele defects 
underwent single-stage closure of defects while only 
29% of the patients with gastroschisis could be treated 
similarly. Excluding patients with complicated hospital 
courses, the overall hospital stay averaged 30 days (36 
days for those with staged repair and 15 days with 
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TABLE 1. Gastroschisis and Omphalócele — Clinical Features 








Per Cent Per Cent 
Gastroschisis Omphalocele 
Per cent total defects 
Prematurity 65 23 
Size of defects, per cent total 
small (<2.5 cm) 24 27 
mid-size (2.5~5.0 cm) 50 48 
large (>5.0 cm) 26 23 
Additional malformations 
bowel atresia 15 0 
cardiac 8.5 52 
chromosomal 0 40 
pentalogy/Exstrophy 0 17 - 
other 2 e 54 
Mortality rate 12.7 34 
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single-stage closure). The average hospital stay was 20 
days for omphalocele and 55 days for gastroschisis. 


Discussion 


Previous series dealing with abdominal wall defects 
have emphasized clinical and embryologic differences 
between gastroschisis and omphalocele.*-® Most 
notable have been the marked differences in frequency. 
of occurence,* prematurity,!°- additional malforma- 
tions,®™! association with specific syndromes*!* and, 
more recently, mortality rates.9^* As late as 1961 only 
31 cases of gastroschisis had been reported!? and it was 
believed to be quite a rare disease entity. More recent 
reviews have been similar to our experience, with 
gastroschisis occurring frequently (47 patients in eight 
years in this series), approximately twice as often as 
omphalocele.5-5 This may reflect changing attitudes in 
referral patterns, increased dissemination of the 
knowledge both of the pathophysiology of these defects ` 
and the fact that they are amenable to surgical treat- 
ment, or a true increased incidence of the disease. 

Estimates of prematurity in large series of gastros- 
chisis range from 40 to 67% and have been per- 
sistently noted in the literature.9^!? Prematurity has 
infrequently been commented on in omphalocele series 
but Moore estimates a 1095 incidence based on 30 
cases. Our series of 28 infants with omphalocele 
shows a 2396 incidence of prematurity based on ac- 
curate birth weights and Dubowitz criteria for estima- 
tion of gestational age. 

A further distinguishing characteristic of the ab- 
dominal wall defects is the markedly increased in- 
cidence of additional malformations in patients with 
omphalocele (66% of the patients) as opposed to 
gastroschisis (23% of the patients). Moore and others 
have shown similar results.5:9:3::6 Of particular im- 
portance is the nature of the associated abnormatities, 


- 


Vol. 192 e No. 6 


with cardiac defects being the most common defect in 
omphalocele patients (54) versus an 8.5% cardiac defect 
rate in gastroschisis patients (p « 0.001). Cardiac de- 
fects were more complex and carried a poorer prog- 
nosis in omphalocele patients (e.g. , truncus arteriosus, 
single ventricle and endocardial cushion defects) 
while heart disease in gastroschisis was limited to 
patent ductus arteriosus and atrial or ventricular 
septal defects. Further, while the association of 
specific chromosomal abnormalities with omphalocele 
has previously been described as "sporadic," we 
found a 4095 incidence of omphalocele with either 


* trisomy 43 or 18. No chromosomal abnormalities were 
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found in patients with gastroschisis. 

In addition to a high association of cardiac and 
chromosomal abnormalities with omphalocele, 17% of 
our omphalocele patients had either cloacal or bladder 
exstrophy or Cantrell’s pentalogy (consisting of an 
m~ epigastric omphalocele with lower sternal cleft, an- 
terior diaphragmatic and pericardial defects, and con- 
genital cardiac disease). Both patients with Cantrell’s 
pentalogy and two of the three patients with cloacal or 
bladder exstrophy survived and are developmentally 
normal. The greatest therapeutic challenge in these 
children is not the omphalocele per se but the additional 
midline, cloacal or bladder anomalies. 

The incidence of bowel atresia was much more com- 
mon with gastroschisis than omphalocele (15 vs 
0%). Indeed, jejunoileal and colonic atresias ac- 
counted for two-thirds of the additional malformations 
seen in gastroschisis. The bowel atresias encountered 
in gastroschisis may be considered a logical circum- 
stance inasmuch as either intraauterine volvulus or 
strangulation from small defects may lead to ischemia 
and subsequent atresia or stenosis. Of our patients with 
gastroschisis and bowel atresias 83% had defects less 
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than 2.5 cm in diameter. Amoury et al., 16 reported 
46 gastroschisis patients who had a 13% midence of 
atresia, with a 67% mortality rate. They recommended 
resection and primary anastomosis in the immetiate 
postnatal period. All seven of our patients with 
atresia and gastroschisis have survived, although - 
several patients who have had bowel resection for 
atresia or necrotic intestine have had extremely long 
hospitalization periods with multiple bowel resections 
before intestinal function became adequate. One of 
these patients had primary resection and anastomosis. 
Resection with enterostomy was performed in two 
patients with nonviable bowel or where a proximal 
perforation necessitated external drainage. Four pa- 
tients with gastroschisis and atresia had delayed 
anastomosis. Inasmuch as delayed intestinal function is 
the rule in cases of gastroschisis and the bowel is fre- 
quently edematous, matted, and engorged immediately 
postnatally, we advise delayed anastomosis in most 
cases. Primary resection and anastomosis is reserved 
for patients whose bowel appears relatively normal 
and in whom the anastomosis is technically simple. 
Exteriorization of the bowel is used only if portions of 
bowel are not viable or if a proximal perforation neces- 
sitates external drainage. 

The overall mortality rate was much lower in gastros- 
chisis patients (12.7%) than for omphalocele patients, 
(34%) almost exclusively due to the increased in- 
cidence of serious chromosomal and cardiac anomalies 
in the latter (Table 2). Only one omphalocele patient 
without major chromosomal or cardiac defects died. 
This child died of sepsis while receiving expectant 
therapy for cloacal exstrophy, dislocated hips, and 
hydromyelia. Thus, while increased mortality rate in 
omphalocele patients has often been quoted, if pa- 
tients with chromosomal and/or serious cadiac defects 


TABLE 2. Omphalocele Mortality 


Major Anomalies 


Truncus arteriosus, single ventricle defect ectopic 

Trisomy 18, endocardial cushion defect, micrognathia 

Trisomy 13, microcephaly, anophthalmia, dextrocardia 

Trisomy 18, patent ductus, atrial and ventricular septal 
defects, Meckel’s diverticulum, prematurity 

Trisomy 18, single ventricle 

Trisomy 18, diaphragmatic hernia, renal ectopia, Meckel's 
diverticulum 

Trisomy 15, cleft lip and palate, congenital heart disease, 
prematurity 

Trisomy 13, dextrocardia, cranial defects 

Trisomy 13, congenital heart disease 

Cloacal exstrophy, dislocated hips, hydromyelia 


Time of Death 

Treatment (days) Cause of Death 
Silo 71 Cardiac disease 
Primary closure 22 Cardiac disease 
Primary closure 56 Congenital anomalies 
Primary closure 17 Cardiac disease , 
Expectant 6 Cardiac disease * 
Primary closure 26 Congenital anomalies 
Expectant l Cardiac disease 
Expectant l Congenital anomalies 
Silo 26 Cardiac disease * 
Silo 2 Sepsis 
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TABLE 3. Gastroschisis Mortality 


M MÀ M À—MMM M $e t a a a nTnnT 


Time of Death 
Major Anomalies Treatment (days) Cause of Death 
Meet MM —— e a LOMBARDIA 
Patent ductus arteriosus Silo 6 Sepsis, aspiration 
Atrial septal defect, pulmonic stenosis, cleft lip and palate, 
polydactylism Silo 150 Sepsis 
None l Silo 63 Hepatic failure 
Prematurity Silo 202 Short-gut syndrome 
Prematurity Primary closure 16 Massive myocardial 
infarcation of 
uncertain cause 
Prematurity 8 Intraventricular 





are excluded, mortality in omphalocele is actually quite 
low, 6%. Similarly, in omphalocele patients without 
significant malformations, 75% were repaired pri- 
marily, while only 29% of gastroschisis patients were 
similarly repaired, resulting in ap average hospital 
stay of 20 days for omphalocele versus a 55-day 
hospital stay for gastroschisis patients. We reserve 
nonoperative treatment with escharotics for patients 
with omphalocele associated with major chromosomal 
abnormalities, in whom survival is not expected. 

Analysis of the deaths from gastroschisis is similarly 
revealing (Table 3). Earlier reports associated pre- 
maturity with an increased mortality rate in gastros- 
chisis; however, in our series the survival rate was 
higher among premature infants than nonpremature 
infants with gastroschisis (92 vs 73%). In only one 
infant was the cause of death attributable to pre- 
maturity —an intraventricular hemorrhage. A second 
child died of a massive myocardial infarction but had 
no structural heart disease. The remaining four deaths 
from gastroschisis was possibly preventable, with 
sepsis as the cause of death in two patients. 

Some reports stress an increased incidence of sepsis 
associated with the use of Silastic silos.*!7!? In our 
series, 33 of 47 (70%) of our gastroschisis patients 
-equired Silastic silos for closure. The mortality 
-ate of these patients was 15%, as compared to an 8% 
mortality rate in patients without silo closure. The 
two patients who died of sepsis had Silastic prosthe- 
ses. However, one of these children had sepsis which 
was directly attributable to aspiration pneumonia ac- 
quired during transportation to the hospital and the second 
patient had intra-abdominal sepsis from a gastrostomy 
tube which was inadvertently placed in the peritoneal 
cavity at the referring hospital. Thus we did not feel that 
there was a positive correlation between sepsis and 
the use of Silastic silo prostheses, although mortality 
was higher among patients with silo closure. 

Of the remaining two patients who died from gastros- 


hemorrhage 


* 


chisis one died of hepatic failure, with cholestatic , 


jaundice, presumably secondary to the use of total 
parenteral nutrition, and a second patient died of short- 
gut syndrome secondary to massive infarction of the 
small intestine during transportation to the hospital. 
While the reported mortality rate in gastroschisis has 
been reduced from 30% in 1973!? to 12.7% at present, 
we believe that much better survival rates could be 
attained. In four of our six patients who died the causes 
of death were directly or indirectly preventable in 
nature. Ineffective treatment prior to and during trans- 
portation to the hospital (failure to place an adequate 
nasogastric tube and recognize torsion of the bowel) 
were directly responsible for two deaths. Training of 
transport personnel cannot be over emphasized and 
should include careful instruction in: 1) covering the 
exposed bowel with a warm, sterile dressing to avoid 
hypothermia, evaporation fluid loss, and bacterial con- 
tamination; 2) insuring proper positioning and support 
of the bowel prior to transport to avoid vascular com- 
promise; 3) placing and maintaining a functioning naso- 
gastric tube to prevent aspiration of stomach con- 
tents and distention of the bowel; 4) treating the patient 
early with broad spectrum antibiotics; 5) instituting 
respiratory support, where indicated; 6) placement of 
functional intravenous lines in the upper extremity ; 7) 
placing the child in a thermoneutral environment, and; 
8) recognizing associated anomalies which may require 
treatment during transport. 

Of the utmost importance is the surgeon's atten- 
tion to detail: in the recognition of the defect and asso- 
ciated abnormalities; in transport of the infant, where 
necessary; in surgical technique itself, and finally in 
meticulous postoperative care which may last longer 
than four to six weeks. We believe that as experience in 
dealing with gastroschisis increases, even better sur- 
vival rates will be forthcoming. Our data indicate 
that in omphalocele patients without grave cardiac or 
chromosomal defects survival rates up to 94% may be 
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expected. Improvements in this area will be difficult 
but welcome. 
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: Letters to the Editor 


June 2, 1980 
Dear Editor: 


We wish to address the article by Mr. W. Milo 
Keynes (Ann Surg 1980; 191:187—199). This lengthy 
article argues for an interesting cause of hemorrhagic 
pancreatitis. However, in doing so the Author has 
drawn multiple conclusions which are faulty or mis- 
leading, and has relied on a dated bibliography 
and poor experimental methods. 

In his introduction Mr. Keynes attempts to discreit 

the idea of trypsin and other native proteases as 
integral to the pathophysiology of severe acute pan- 
creatitis. The Author's narrative has ignored a good 
deal of the current literature which deals with many 
of the questions he addresses. For instance, endo- 
circulation of the pancreas, *9?* normal plasma levels 
of circulating pancreatic enzymes,* 9!7?" poststimu- 
lated levels of proteases,*? protease interactions with 
serum inhibitors,?!?19313236 and the low molecular 
weight (LMW) pancreatic secretory trypsin inhibitor 
of Kazal (PSTI).!:!**! Also, studies of proteases in 
normal man and dog, and man and dog with pan- 
creatitis, 8 19,20,20.30,35.22 Further, a good deal of the 
information which is left out affects the author’s 
line of reasoning (we will explain below) and some of 
the included information is not correct. For example, 
PSTI is a temporary inhibitor,*! will dissociate from 
trypsin at about pH 2.5, and tends to release trypsin 
in plasma to the serum inhibitors at normal pH.” 
—. Finally, Mr. Keynes has ignored a major reference 
in the surgical literature which preceded his con- 
clusions on the import of bacteria in hemorrhagic 
pancreatitis.*? 

The remaining part of Mr. Keynes' article requires 
attention in several major areas which will be ad- 
dressed in outline form below. 


Methods 
Levels of Proteolytic Enzymes 


Enzymatic methods for the quantitative analysis of 
proteases in body fluids are inadequate. When con- 
centrations of free trypsin are expected to be in the 
mg/L range chromogenic LMW substrates are readily 
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used. In such a study BAPNA has tended to re- 
place TAME as the substrate of choice and is more 
sensitive than and equally specific as the BAA used ir 
the current study. However, whether using LMW sub- . 
stances as chromogens or BAA for the liberstion of 
NH,, as in Mr. Keynes’ paper, in the analysis of 
body fluids for trypsin, they will be poorly quantitative 
at best. In such studies the presence of serum protease 
inhibitors and PSTI??3953? complicate the analytic 
picture. Enzymatic methods can only detect free 
trypsin and a decreased percentage of a-Macroglobu- . 
lin (a-M)-bound trypsin.!9*? Further, the a-M-bound 
fraction has been shown in dogs to be rapidly cleared 
from the circulation.7? The levels of proteolytic 
enzyme or 'amidase," as the author calls the pro- 
teolytic substance(s), are not what his methods meas- 
ured. Rather, proteolytic, or more specifically tryptic, 
activity was measured. In his methods the author 
has indirectly chosen to ignore the nonspecific plasma 
protease inhibitors which are also present in lymph 
and inflammatory fluid. Such inhibitors would ex- 
plain why on page 190 of the text, ‘‘it became clear 
that if the experimental pancreatitis were interstitial 
on histologic examination none would be found” 
(proteases). 

The fact that raised levels of proteases were found 
in the fulminant hemorrhagic type of pancreatitis but ^ 
not in the interstitial type, does not rule out their 
presence in the nonhemorrhagic form of the disease. 
Instead, it indicates a lack of saturation of the avail- 
able inhibitors and inadequate detection techniques. 
Adequate analysis of the proteins in question re- 
quires the use of immunochemical techniques such as 
crossed immunoelectrophoresis, rocket immunoelec- 
trophoresis, radial immunodiffusion, and/or radio- 
immunoassay. These in turn require the isolation of 
the proteins in question and the production. of the 
necessary antisera.?? 2927.42 


Other Methods in Question 


Electrophoretic comparisons. Standard electro- 
phorectic technique is also an inadequate tool for the 
type of analysis undertaken. We have stated above . 
that proteases form complexes with the native - 
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protease inhibitors. These complexes render such one 
step analysis invalid. The rf values change drastically 
upon complex formation. When pure standard is com- 
pared to bound sample (the probable form of much 
of the ‘‘amidase’’) the migratory patterns will be dif- 
ferent. The actual identification is again dependent 
on a variety of methods including immunochemical 
techniques .??:25.27,31,98 

Partial purification of amidase. The material men- 
tioned is said to have been partially purified but the 


_ methods used are not given. Standard isolation tech- 


niques would give a good estimation of the molecular 
weight of the compound in question, thus aiding in 
the identification of this ‘amidase.’ 

Studies of tryptic activity. Incubation of trypsin at 
37 C pH 7.4 for 30 minutes results in a considerable 
loss of activity.*° There is no reason not to suspect 
similar losses at pH 6.8. 

Buffering systems. The importance of Ca** as a 
trypsin stabilizing ion is alluded to in the introduction. 
Calcium is known to help protect against the auto- 
digestion of trypsin, chymotrypsin, and perhaps 
elastase.!? However, no mention of the makeup of the 
author's buffer system is made. Loss of activity re- 


sulting from autodigestion of the proteases in question 


introduces a significant source of error. 

Inhibition studies. No information is given as to the 
specific conditions used for these studies. The im- 
portance of such information is noted using DFP as an 
example. DFP is known to be most effective at pH 
8.3 and is ineffective against precursor molecules.?? 

Bile instillation. In his introduction, the author refers 
to the well known phenomenon of ‘‘pressure induced 
pancreatitis," yet he does not tell us what parameters 
he used for his own bile instillation experiments. 


Results and Discussion 


We have already pointed out the lack of sufficient 
sensitivity and specificity in the methods employed in 
this paper for the analvsis of the proteolytic enzymes. 
These methods have led to the author's reasoning 
concerning some of his results. 


Lack of Trypsin in the Peritoneal Fluid of Dogs 
with Hemorrhagic Pancreatitis 


The Author reasons as follows: 


1) Trypsin is inhibited by soy trypsin inhibitor 
(STD, DFP, and Trasylol. 

2) Trypsin is active against the substrates BAEE 
and TAME. 

3) If trypsin is present in a sample it should be in- 
hibited by STI, DFP and Trasylol, and active 
against the LMW substrates BAEE and TAME. 
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4) Samples of peritoneal fluid from dogs with hemor- : 


rhagic pancreatitis were active against BAEE 
and TAME, but were only inhibited by DFP. 
5) Therefore, the samples did not contain trypsin. 


The above argument ignores the presence in the 
inflammatory fluid of the o-Macroglobulins which 
rapidly complex active trypsin.??? They act in part asa 
stearic trap!??! preventing high molecular weight sub- 
stances from access to trypsin. DFP is a LMW sub- 
stance as are the substrates BAEE and TAME. How- 
ever, STI (mw 25,000) and Trasylol (mw 6500) are 
hindered from reaching the trapped trypsin. This 
should be especially true if PSTI is also present in the 
complex. (We recently finished a project which sup- 
ports this conclusion.) Therefore, the picture pre- 
sented by Mr. Keynes is compatable with the pres- 
ence of trypsin, rather than speaking against it. 


Other Proteases 


Because the a-Macroglobulins are nonspecific pro- 
tease inhibitors, a similar argument can be made for 
the other proteases. 


Failure of Trasylol 


Given the above mechanism it is not surprising 
that Trasylol was ineffective in blocking ‘‘enzymatic 


‘or tryptic activity'' in the systems tested. However, 


in discounting the potential use of Trasylol in this 
disease as “‘useless’’, a dangerous and unnecessary 
conclusion has been drawn. Trasylol has been shown 
experimentally to protect against some of the late and 
disasterous effects of experimental hyper-tryptic states 
in dog upon saturation of the serum protease in- 
hibitors.? The importance of these results as they 
relate to both future experimental work and clinical 
work in acute pancreatitis should not be so easily 
dismissed. 


Conclusions 


It is not necessary to repeat our concerns over the 
experimental methods and reasoning process used to 
argue for ‘‘amidase.’’ The Author's observation that 
only infected bile resulted in a fulminant pancreatitis 
deserves comment however. 

The main thrust of this paper is the author's 
desire to describe the primary role of bacteria as an 
etiologic factor in hemorrhagic pancreatitis, and in do- 
ing so, to discount the role of the pancreatic proteases 


in this disease. However, the author has leaped to 
conclusions and ignores the native inflammatory re- 


sponse,**437 an added source of proteolytic activity 
and pancreatitic ‘‘aggrivation.’’ In fact, no specific 
inflammatory proteases (i.e. leukocyte elastase) were 
even suggested to have a role in this disease. 
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The author concludes that it is difficult to explain 
shock-like syndromes in this disease on the basis of 
intrinsic protease activity. To the contrary, it is quite 
tcnnegessary for bacteria to cause the activation of 
vasoactive agents resulting in ‘“‘shock-like’’ syn- 
drome. Native proteases can do this nicely upon 
saturation of their inhiitors.?? (This is not to ignore 
the real and well known bacterial shock-syndromes 
which may occur in infected hosts). 

In summary, we believe the Author's sweeping gen- 
eral conclusions regarding the native pancreatic 
proteases, the role of bacterial ‘‘amidase’’ in hemor- 
rhagic pancreatitis, and the lack of potential useful- 
ness of Trasylol in this disease are unwarranted, at 
least as demonstrated by this paper. 

We realize Mr. Keynes' publication was submitted 
:n 12/78, however any articles included in our 
oxibliography later than that date are strictly con- 


Zrmatory in nature. They do not represent any. 


startling new discoveries about the pathophvsiology 
of this disease. 
William H. Marks, M.D. 
University of Lund-Malmó General Hospital 
Lund Sweden 
University of Michigan, Ann Arbor, Michigan 
Kjell Ohlsson, M.D. 
University of Lund-Malmó General Hospital 
Lund Sweden 
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July 11, 1980 
Dear Editor: 


Thank you for the opportunity to reply to a some- 
what testy letter making accusations of relying on a 
dated bibliography and poor experimental methods in 
the writing of a paper which had involved the reading 
of over 500 references, of which 70 were used. The 
testiness seems to have derived from a failure to have 
mentioned any of 24 references to the work of the letter- 
writers, of which 13 appeared during and after the writ- 
ing of the paper (and indeed may not yet have ap- 
peared in print or are ‘‘unpublished data"), and of 
the earlier 11, six were not available in this cultural 
desert of Cambridge and seemed unlikely to be worth- 
while to search out. There is an evident lack of clair- 
voyance in having been unable to quote references 
to then unpublished papers. The criticisms of the letter- 
writers ignore all but (some of) the biochemical argu- 
ments of the long paper on experimental acute pan- 
creatitis, and may be easily answered. The main 
criticism is that ‘‘microtechniques’’ (not available 
when the work was done) were not used, whereas we 
believe ‘‘macrotechniques’’ (actually used) were more 
appropriate. The overall proteolytic activity was meas- 
ured and not that of individual enzymes, and sensitivity 
and specificity in the methodology need not be a point 
at issue. At the same time, if the biochemical study 
were done today, different methods would be used 
than those employed several years ago. 

In greater detail, in the second paragraph the letter- 
writers claim that a good deal of the current litera- 
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ture was ignored, though it can be added that most of’ 
the 22 neglected references in it were not relevant ' 
to the review part of the attacked paper. The pan- 
creatic endocirculation was in fact mentioned in 
passing, and the omission of mention of PSTI cannot 
be important. In the paper it was stated that inhibitors 
dissociated from trypsin at a pH of 1.0, and the letter- 
writers PSTI at a pH of 2.5, though such pH levels 
must equally be extremely rare, if at all, in the small 
intestine below the pancreatic duct. Also, if PSTI 
releases trypsin in plasma at its normal pH to be readily 
replaced 5y other inhibitors, then active trypsin will 
still not be measureable. The lack of reference to a 
paper from the laboratory of Dr. Byrne in Boston was 
not one of ignorance: two earlier papers were quoted 
and fruitful conversation were held with Dr. Byrne 
on more than one occasion. 

Answer to Section IA. The work for the paper was 
done befcre BAPNA and other nitroanilide substrates 
were avai able and these would, it must be agreed, now 
be used. Synthetic substrates do not dissociate in- 
hibitors from trypsin, and we measured amidase 
activity (with definition of the assay) as stated, with, 
of course. the use of BAEE measuring esterase activ- 
ity. Trypt c activity was not measured as a proteolytic 
activity, but followed as an amidase level, and was 
measured as the resultant activity after any equaliza- 
tion/neutralization/inhibition had taken place. It was 
the enzymatic activity that was estimated, and if the 
inhibitors were not saturated, activity would be 
unlikely to be present or measureable. It may be, 
of course, that the enzyme would fail to associate 
with some of the inhibitors present, and in that case 
activity vould be measured. The presence of any 
inhibitors would lower levels of trypsin in the body 
fluids as measured, but it remains true that it was 
activity tFat was being measured. The statement in 
the paper -hat it became clear that, if the experimental 
pancreatit.s were interstitial, no raised levels. of 
amidase would be found, is correct. 

Answer to Section IB. It is true that complexes 
will have a different migratory pattern on electro- 
phoresis than a free enzyme, but the amidase was 
shown to have a different migratory pattern from 
trypsin and cannot have been complexed by inhibitors 
as it showed free enzyme activity. The identified 
bands seen on electrophoresis had enzymatic activity 
and this suggested no binding to an inhibitor. Standard 
isolation techniques were not available when the work 
was carried out, and the method of partial purification 
of amidase is not germain to the argument. The nearer 
to a pH &.5 the more rapidly trypsin digests itself, 
and the further from a pH 8.5 the less rapidly does 
trypsin digest itself. It follows that the loss of activity 
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at pH 6.8 (chosen because of the measurement of 
ammonium-nitrogen on hydrolysis of the substrate), 
will be less than at pH 7.4. In any case, the losses of 
activity work against the sought-after results, as they 
would if there were no calcium in the buffering sys- 
tem—which there was. Also, whatever the system 
used, there would have been a consistent source of 
error which would not necessarily invalidate any com- 
parisons. In our work DFP was dissolved in isopro- 
panol and used at a final concentration of 5 x 107? 
molar at a pH of 8.0 in the cold. It is not true that 
DFP is ineffective against precursor molecules (see 
Kerr, MA, Walsh KA, Neurath H. À proposal for 
the mechanism of chymotrypsinogen activation. Bio- 
chemistry 1976; 15:5566—70). In the instillation of bile 
into the dog pancreatic duct, the maximum pancreatitis 
was wanted, and so the bile was injected at un- 
physiologic pressures. 

Answer to Section II. This section seems muddled 
as the argument can be easily turned around. We did 
not write that trypsin was not there in the body fluids 
analyzed, only that if trypsin was inhibited we would 
not be able to measure its activity as amidase. We 
found that Trasylol—the letter-writers ignore the ín 
vivo findings that amidase levels were not reduced by 
the injection of Trasylol— did not inhibit the amidase 
activity. If Trasylol is hindered from reaching 
trypsin trapped by macroglobulins, any trypsin is also 
blocked by the same molecules, and would not show 
any activity. It is, however, possible that low molecu- 
lar weight substrates would be hydrolysed, while pro- 
teins would not be. 
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If other proteases were there blocked by macro- 
globulins their activity would not be measureable, 
an activity which was there as it was measured. We 
repeat that we were measuring overall amidase or 
esterase activity, and Trasylol did not inhibit this 
activity, and this makes it less likely that free trypsin 
was a component of the proteolytic enzyme measured 
as amidase. With regard to the experiments using 
Trasylol to protect against the effects of hyper- 
tryptic states we can make no comment as there is a 
variance from our experimental model. 

Answer to Section IIl. The proteolytic enzyme or 
enzymes .of an inflammatory response would seem 
unlikely to be of pancreatic origin, and even, if so, the 
error would be small. Elastase waseconsidered along 
with trypsin, carboxypeptidase and chymotrypsin 
as a source of the amidase activity. The letter- 
writers note that native proteases can cause the activa- 
tion of vasoactive polypeptides upon saturation of their 
inhibitors, but this is a reversal of their earlier argu- 
ment that the inhibitors were not saturated. If sat- 
urated, then their statement is correct, but what was 
written in our paper was that it was easier to explain 
the shock-like syndrome of fulminating pancreatitis by 
release of bacterial endotoxins than of pancreatic 
proteolyticcenzvmes. We note that in their articles 
since 1978 the letter-writers do not report any startling 
new discoveries about the pathophysiology of acute 
pancreatitis. 

W. Milo Keynes, M.D., F.R.C.S. 
University of Cambridge, 
Cambridge, England 
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Book Reviews 


Renal Function in Anaesthesia and Surgery. David R. 
Bevan. 239 pp. London, Academic Press; New York, 


. Grune & Stratton. 1979. $35.00. 


MUCH HAS BEEN sacrificed to brevity in this small book 
that attempts to cover the complex fields of renal 
physiology and pathology related to anesthesia and 
surgery. Controversial views are fairly presented and 
well-documented with nearly 800 references in 179 
pages of text, but the reader is sometimes left feeling 
that he has read a catalogue rather than a guide book 
to the difficult areas that are surveyed. The text is 
clear and refreshingly well-written and supported by 21 
tables and 45 figures, most of which are helpful. S.I. 
units of measurement are used throughout, but the 
author has thoughtfully added milligrams per deciliter 
in several places for the benefit of readers who are still 
unversed in the S.I. System. 

The first seven chapters are devoted to basic renal 
anatomy, physiology and pharmacology. Three chap- 
ters deal with function of the normal kidney during 
anesthesia and surgery, and the last four chapters are 
concerned with the failing kidney. The practical aspects 
of anesthesia in renal failure are summarized in the last 
chapter on chronic renal failure, but here again some 
important details have been slurred over in the interests 
of brevity, where more positive instruction would 
have been helpful. 

In spite of these criticisms, the book is a useful 
summary of current knowledge, and it has the virtue of 
being small and easy to carry about. Those working 
in the fields of anesthesia and intensive care will find 
it helpful as a guide and as a source of reference 
material. 

PHILIP R. BROMAGE, M.D. 
Durham, North Carolina 


Surgery of the Anus, Rectum and Colon. John C. 
Goligher, Herbert L. Duthie, and Harold H. Nixon. 
968 pp. New York, Macmillan Publishing Co. 1980. 
$110.00. 


THE FOURTH EDITION of this text, appearing only three 
years after the last reprinting of the third, is witness to 
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the energy of the author, the popularity of his exposi- 
tion, and to the changes in the surgery of the anus, 
rectum and colon that have occurred in the past few 
years. 

It is truly an encyclopedia and has many virtues 
that stamp it as the outstanding volume in its field. 
Nearly all such texts in these days are multiauthored. It 
is a relief to discover an authority who, because 
of his personal experience, has written 25 of the 27 
chapters. He gives full consideration to controversial 
questions but there is no doubt about his opinions; 
they are supported by numerous studies. 

This edition includes new detailed analyses of the 
author’s recent interests. The most important include 
further information on Crohn’s disease, the develop- 
ment of the continent ileostomy and sphincter-saving 
operations. His critical assessment is marked by en- 
thusiasm modified by experience. The net result is that 
his opinion is considered by many to be analagous 
to statements by a present-day Delphic oracle. 

The text emphasizes: surgical aspects of diseases 
of these viscera. The 649 illustrations make the opera- 
tive procedures seem deceptively simple. The bibliog- 
raphy is extensive and draws on references gained 
from many decades. Not unexpectedly, British litera- 
ture is emphasized, for it is there that interest in such 
diseases originated. Since a reviewer must attempt to 
find weaknesses in a book, this emphasis might be recog- 
nized as a minor flaw for readers on this side of the 
Atlantic, though all American authors are guilty of the 
same sin in reverse. To find other faults is difficult. 
One might look here and there for more information 
as, for example, on colonoscopy or angiodysplasia, 
but remember the focus is sharply on surgery and 
surgical procedures. One other problem is that the 
procedures may seem so clear and the directions so 
simple that mediocre surgeons may be tempted to 
overrate their ability. š 

The reader can conclude that if a modern Diogénes 
were interested in diseases of this part of the body 
he could throw away his lantern. He would have found 
an individual that not only is exceedingly honest but 
just as wise. e^ 4 

CLAUDE E. WELCH, M.D. 
Boston, Massachusetts 
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. Pathology of Soft Tissue Tumors. Steven I. Hajdu. 599 
pp. Philadelphia, Lea & Febiger. 1979. $65.00 


SURGICAL PATHOLOGY, the morphologic study and 
diagnosis of human tissues, is going through a revolu- 
tion! Its beginning can not be pinpointed with precision. 
I can not see when it will end. Like most changing 
scenes, it can be viewed with a certain amount of mixed 
emotion. On the one hand, it is approaching the diag- 
nosis of neoplastic disease from a functional viewpoint 
which is to the advantage of the scientific practice of 
medicine. From another perspective, it is doing so by 
denigrating traditional morphologic techniques and by 
so doing, negating our heritage. 

Dr. Hajdu’s book, ''Pathology of Soft Tissue 
Tumors," is an excellent compilation of extensive 
chnical pathological correlations, based on his exten- 
sive experience at the Memorial Hospital for Cancer 
and Allied Disease in New York and adequately but- 
cressing that unique experience with that which is 
available from the world’s literature. The book is ar- 
-anged in sections corresponding to a classification 
Of soft tissue tumors and appropriately begins with 
an historical perspective leading to our current state 
of the art. The historic review emphasizes the history 
of diagnostic anatomical pathology which is entirely 
appropriate and often neglected. Each of the chapters 
:s organized in a classical style; each is aptly illus- 
crated; and each adequately defines the subject at hand. 

This reviewer finds the book a welcome addition 
zo the growing library of surgical pathology mono- 
zraphs that are designed to enable all practitioners to 
succinctly find that which he needs to know about the 
clinical pathologic correlations of a given neoplasm. 

The tabular listing (Appendix B) of histologic and 
clinical features useful in the differential diagnosis of 
these uncommon tumors will find ready acceptance 
by all concerned. I feel confident that this book will 
enjoy a long useful life. 

WILLIAM H. HARTMANN, M.D. 
Nashville, Tennessee 


Surgical Care: A Physiologic Approach to Clinical 
Management. Robert E. Condon and Jerome J. 
DeCosse. 474 pp. Philadelphia, Lea & Febiger. 1980. 
$37.50. 


AT FIRST BLUSH one might think there is little need for 
yet another general surgery text. There are currently a 
plethora of established texts on the market, two of 
which are firmly and justifiably entrenched as superb 
examples of the encyclopedic approach to surgical 
knowledge. The Davis-Christopher Textbook of Sur- 
gery, David C. Sabiston, Jr., Ed., W. B. Saunders, Co., 
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and Principles of Surgery, Seymour Schwartz, Ed., 
McGraw-Hill, Co. In addition, monographs on specific 
issues such as Ártz and Hardy's Management of Sur- 
gical Complications , Hardy's Critical Surgical Illness, 


.and Shires’ Care of the Trauma Patient seem to fill 


every niche in the nonperiodical general surgical 
literature. Doctors Condon and DeCosse, however, 
have produced a valuable document by selecting their 
audience as well as their topic. Whereas most of the 
general texts in the field assume little previous knowl- 
edge on the part of the reader, Surgical Care is clearly 
directed at surgeons in the latter part of their residency 
training or surgeons who have completed their training 
and wish a thoughtful, detailed review of ‘specific 


problem areas in general surgery. The editors have 


assembled a noteworthy list of contributors from a 
number of different institutions, so that a broad base of 
expertise bas been utilized. The senior author of each 
chapter is recognized on the basis of previous work 
as an authority in the field by virtue of his personal ex- 
perience and previous publications. As is indicated in 
the preface, the emphasis is on postoperative care. 
The focus is centered on problems which commonly 
present in the postoperative period, but whose seeds 
are to be found in the preoperative and intraoperative 
management. Without devoting undo space to funda- 
mental precepts, the basic pathophysiology of each 
postoperative condition is lucidly reviewed before 
discussing the management of these problems. In this 
regard the book differs significantly from, for ex- 
ample, the Manual of Pre- and Post-Operative Care 
of the American College of Surgeons, which is aimed 
primarily at junior house staff and devotes considerably 
more time and emphasis to basic principles than to 
more sophisticated nuances of patient management. 
More than most other texts, Surgical Care consists 
of chapters which might stand on their own as definitive 
and contemporary reviews of pertinent surgical prob- 
lems. A number of these chapters are particularly 
worthy of note: Alexander Walt begins the book with 
a superb chapter on ‘‘Acute Erosive Gastritis’’ pro- 
ducing an excellent mix of practical and theoretic 
points in management with an excellent bibliography. 
The chapter on ''Management of Biliary Obstruction, 
Leak and Infection” by David Nahrwold is likewise 
excellent and will be particularly appreciated by ex- 
perienced general surgeons, though it may pass over 
the head of students and residents in the early years 
of training. Marvin Gliedman and Vivian Tellis con- 
tribute a very solid chapter on the ‘‘Management of 
Pancreatitis” emphasizing the use of peritoneal lavage 
in the treatment of acute pancreatitis and the use 
of marsupialization where possible for lesser sac 
abcess. The difficult question of the role of operation 
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in uncertain cases and in the management of con- 
comitant biliary tract disease is likewise well handled. 
A useful inclusion in the chapter on ‘‘Management of 
Ileostomy and Colostomy” by Woods, Kowalski 


d and DeCosse is the inclusion of names and ad- 


dresses of manufacturers of stomal equipment. À 
chapter on ‘‘Non-Cardiogenic Pulmonary Edema’’ 
by Scoggins, Glauser and Greenfield contains a lengthy 
and perhaps too-detailed discussion of transmembrane 
fluid mechanics; nevertheless, there is an excellent 
discussion of the method of shunt calculation and the 
application of this information to the management of 


. mechanjcal ventilation and hemodynamic parameters. 


A companion chapter by Eugene Millen discusses 


e © bedside measuréments for evaluation of cardio- 


M 


pulmonary status and provides useful methodologies 
for determining arterioalveolar oxygen difference, shunt 
fraction, A-Vo; difference and cardiac output. Doctors 
Cox and Sabiston contribute an excellent chapter on 


~“ ''Phlebitis, Thrombosis and Pulmonary Embolism,”’ 


ws 


the main emphasis being directed towards the manage- 
ment of the latter entity. Although their enthusiasm 
for caval interruption procedures and intracaval filter- 
ing devices is appropriately subdued, the superiority 
of the Greenfield intracaval filter to other such devices 
might have been more clearly indicated. Victor Bern- 
hard contributes a timely discussion of the ‘‘Failed 
Arterial Graft’’ including both etiology and manage- 
ment. My only criticism of this chapter lies in its omis- 
sion of a significant discussion of the infected vascular 
prosthesis, a subject which is also given short shrift in 
Wesley Alexander’s otherwise excellent chapter on 
"Life Threatening Sepsis.’’ John Ham presents a good 
discussion of major and minor incompatibility prob- 
lems and the management of transfusion reaction in 


` his chapter; however, no mention is made of the role 


of fresh whole biood and there is no discussion of the 
role of exchange transfusion in the management of in- 
fant sepsis, diffuse intravascular coagulopathy, and 
neonatal jaundice, which I consider to be important 
omissions. A chapter on ''Acute Renal Failure" by 
Palani and Moss contains an excellent though too- 
detailed discussion of renal mechanisms of homeo- 
stasis while omitting discussion of the technical 
aspects of hemo- or peritoneal dialysis. In addition, 
there is no discussion of vascular access procedures 
for dialysis. This is perhaps unwarranted criticism 
as the authors acknowledge omission of certain as- 
pects of postoperative surgical care, anticipating addi- 
tional major subjects in other volumes. The outstand- 
ing chapters in the entire book are contained in the 


« oncology section, the first concerning ‘‘Persisting 


Cancer" by George and Helene Hill. This chapter 


BOOK REVIEWS . ` 


795 


deals with indications for chemotherapy and its com- 
panion chapter by Frank Hendrickson discusses in- 
dications for radiation therapy. Together they represent 
a superb, up-to-date and humane discussion af the 
management of patients with metastatic disease. The 
mechanisms of action of chemotherapeutic agents and 
biologic basis of radiation therapy are briefly but ap- 
propriately discussed. 

In summary, I think that this is an excellent text 
which will make a place for itself in the libraries of 
advanced residents and active general and thoracic 
surgeons, although its usefulness to medical students 
and beginning surgical residents will be limited. .It is 
printed on excellent paper with superb reproduction 
of illustrations and legible type. At $37.50, I consider 
it a bargain. 

LYNN H. HARRISON, JR., M.D. 
Oklahoma City, Oklahoma 


Modern Technics in Surgery: Cardiac/Thoracic Surgery. 
Lawrence H. Cohn. 15-10 pp. New York, Futura 
Publishing Company. 1979. $28.50. 


MODERN TECHNICS IN SURGERY: Cardiac/Thoracic Sur- 
gery is a new publication attempting to achieve the 
‘‘best features of a textbook, a journal, and an atlas.” 
It consists of a series of articles, each written by dif- 
ferent authors, which describe and illustrate the 
author's technique and results with a particular cardiac 
or thoracic procedure. In this first volume, fifteen 
different operations are discussed including seven con- 
genital and five acquired heart procedures, two pul- 
monary, and one esophageal procedure. Subsequent 
volumes will include other topics, and the loose leaf 
nature of the binding allows for additions and updat- 
ing of previous articles. Because of the multiple 
authors, the articles vary considerably in their scope. 
In a few, the aproach is more like an atlas with em- 
phasis on the details of an operating procedure itself, 
while others give a more thorough background on the 
anatomy, pathophysiology, and results of surgery for a 
particular defect as might be found in a textbook, 
but with more than usual illustrations. References 
range from none in the section on pacemakers to 
extensive in the sections on coarctation, carcinoma 
of the esophagus, and others. Most of the articles 
present reasonable summaries of a particular problem 
or procedure along with good illustrations. Several 
are written by the acknowledged authority in the field, 
as for example the chapter on Hypertrophic Subaertic 
Stenosis by Morrow. 

While there is little new in this book for the actively 
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. practicing cardiothoracic surgeon, even they may en- 
joy reading another ‘‘expert’’ way of doing things. On 
. the other hand, it is an invaluable source for the medical 
student and house officer, giving in a single article the 
necessary background and technique about a particular 
procedure as well as illustrations and pertinent ref- 
erences so that he will be conversant in it. As such, 
it clearly belongs in the shelf of any surgical library 
or of anyone interested in cardiothoracic surgery. 
One looks forward to future installments of this volume. 
FRED A. CRAWFORD, JR., M.D. 
Charleston, South Carolina 


Radiology of the Colon. Richard H. Marshak, Arthur 
E. Linder and Daniel Maklansky. 788 pp. Philadelphia, 
W. B. Saunders Company. 1980. $60.00. 


MARSHAK, LINDNER, AND MAKLINSKY'S new text- 
book presents comprehensive coverage of radiology of 
the colon with generally excellent discussions. Readers 
who are familiar with Marshak and Lindner's classic 


textbook Radiology of the Small Intestine will find : 


that Radiology of the Colon is written in a similar 
straightforward and lucid manner. The authors include 
discussions of virtually every conceivable colon entity 
with radiographic implications and the various chap- 
ters all include adequate bibliographies. The authors 
have also drawn on a number of other experts for those 
chapters covering material outside the primary authors 
firsthand experience. Included is a rather complete 
section on radiology of the colon in infants and children 
as well as a section on angiography of the colon. 

The book is obviously written primarily for the 
radiologist but should also be a valuable textbook for 
surgeons or other physicians with a primary interest 
in gastrointestinal disease. All of the sections con- 
tain abundant illustrations. The one criticism which 
might be made is that there is not a great deal of con- 
sistency in the quality of the illustrative case material. 
While many of the illustrations are of superb 
quality there are also a fair number of illustrations 
which leave a great deal to be desired. On balance, 
however, the textbook is recommended as a logical 
sequel to the authors previous work on radiology of the 
small intestine. 

REED P. Rice, M.D. 
Durham, North Carolina 
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Modern Techniques in Surgery, Neurosurgery. Joseph 
Ransohoff (ed.). New York, Futura Publishing Com- 
pany. 1979, 


THIS IS AN ongoing series of lessons concerning tech- 
nical (operative) aspects of neurological surgery. Upon 
ordering the publication the physician receives an 
attractive binder to which loose-leaf installments may 
be added approximately twice per year. Each install- 
ment contains a number of lessons each covering one 


particular-technical topic in neurosurgery. Two install- - 


ments have been published to date, the first contain- 
ing 13 lessons and the second, four lessons. Lessons 
vary in length and complexity and are individually 
authored by outstanding authorities dn the topic dis- 
cussed. Each contributor's personal indications and 
operative techniques, management of complications 
and surgical results are presented. Many simple line 
drawings, photographs, and radiographs aid the reader 
in his interpretation of the material. Some of the topics 
covered to date include: Superficial Temporal Artery- 
Middle Cerebral Artery Bypass for Cerebral Ischemia 
by Chater, Lagger and Mehdorn; Harrington Rod 
Stabilization of Thoracic Fractures by Engler; Pediatric 
Posterior Fossa Tumors by Epstein; Carotid Artery 
Aneurysms by Flamm; Craniopharyngioma in Children 
by Hoffman; The Carpal Tunnel Syndrome by Hunt; 
Medial Longitudinal Myelotomy by Long; Neurolysis, 
Repair and Reconstruction of the Brachial Plexus by 
Lusskin and Battista; Surgical Treatment of Aneurysms 
of the Posterior Fossa by Peerless and Drake, Re- 
construction of The Posterior Vertebral Arch and 
Laminotomy for Intraspinal Surgery by Raimondi and 
Gutierrez; Cranial Meningiomas by Ransohoff and 
Murali; Percutaneous Radiofrequency Thermoco- 
agulation of the Gasserian ganglion for the Treatment 
of Trigeminal Neuralgia by Rovitt; Kyphectomy and 
Myelomeningocele Repair by Reigel; Surgery for 
Extracranial Cerebrovascular Insufficiency by Im- 
parato; Hemifacial Spasm by Jannetta; Percutaneous 
Radiofrequency Cervical Cordotomy by Rosomoff; 
and Fasciular Peripheral Nerve Repair by Samii. This 
is an excellent series for keeping the neurosurgeon up 
to date on technical aspects of the specialty. It will 
have relatively little appeal to those outside of neuro- 
surgery. Though somewhat expensive it is a worthwhile 
addition to the neurosurgeon’s library. 

GEORGE T. TINDALL, M.D. 

Atlanta, Georgia 
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Abdominal sepsis. See Infections 
Achalasia of esophagus, esophagomyotomy in, 157 
Acid secretion, after vagotomy, 711 
Acidity, and control of gastric pH in critically ill patients, 169 
Adenocarcinoma 
- of gastric cardia, gastrectomy in, 58 
of gastric corpus, 730 
Alcoholic cirrhosis with bleeding varices, emergency porta- 
caval shunt in, 325 
Alkaline reflux gasjritis, 175, 288 
Alveolar hydatid disease, of liver, 118 
American Surgical Association 
peaks of excitement in, 282 
Presidential address, 269 
Amino acids 
hepatic uptake in burn patients, 491 
infusions after rectal surgery, 183 
and metabolic support in infections, 570 
in muscle and plasma, after injury, 78 
serum levels after protein feeding in burned children, 505 
Amputation, in sarcomas, 431 
Amylase-creatinine clearance ratio, in postoperative pan- 
creatitis, 195 
Anastomotic aneurysms, 675 
after aortofemoral prosthetic bypass, 69 
Anesthesia, epidural, in aortofemoral arteriography, 227 
Aneurysms 
of abdominal aorta 
operative management of, 414 
and postoperative myocardial infarction, 667 
anastomotic arterial, 673 
after aortofemoral prosthetic bypass, 69 
of ascending aorta 
with aortic valvular disease, 403 
dissecting, 658 
Angiogenic activity, in premalignant bladder lesions, 762 
Angiography, aortofemoral, epidural anesthesia in, 227 
Animal studies 
bacteremia affecting perfused kidneys, 65 
chemotactic substances in treatment of peritonitis, 625 
cholinesterases of pancreatic sphincters, 614 
Dacron surgical fabric for cardiovascular defects, 645 
esophageal sphincter pressure in hemorrhagic hypoten- 
sion, 53 
extracellular calcium pool during sepsis, 682 
nonthrombogenic lining in cardiovascular prostheses, 369 
porta] factor in serum calcium regulation, 459 
pulmonary dysfunction from fragment D, 103 
pulmonary effects of intravascular coagulation, 95 
pulmonary lymphatic drainage after surgical interruption, 


162 
pulmonary and systemic hemodynamics in hemorrhagic 
shock, 86 
Antacids, and control of gastric pH in critically ill pa- 
€ tients, 169 
Antibiotics 
prophylactic, in vascular surgery, 356 
in treatment of intra-abdominal sepsis, 213 
vw 


Aorta 
aneurysms of. See Aneurysms 
composite graft replacement of ascending aorta and aortic 
valve, 403 
retroperitoneal approach to, in endarterectomy, 633 
Aortoenteric hemorrhage, impending, 237 
Aortofemoral arteriography, epidural anesthesia in, 227 
Aortofemoral prosthetic bypass, anastomotic aneurysms 
after, 69 
Appendical colic, in childhood, 686 
Appendicitis, perforated, and bacterial studies in children, 208 
Arteriography, aortofemoral, epidural anesthesia in, 227 
Ascites, protein content of, 738 
Atherosclerosis, aortofemoral prosthetic bypass in, anasto- 
motic aneurysms after, 69 
Axillary lymph nodes, in breast cancer, 148 


B 


Bacterial infections. See Infections 
Bethanechol, and esophageal sphincter pressure in hemor- 
rhagic hypotension, 53 
Bile reflux gastritis 
diagnosis and treatment of, 288 
duodenogastric diversion in, 175 
Biliary tract, common duct obstruction by pancreatic pseudo- 
cysts, 33 
Biopsy 
of breast, 152 
of gastric mucosa, after partial gastrectomy, 179 
Bladder 
angiogenic activity in premalignant lesions, 762 
endoscopic suspension of neck in urinary incontinence in 
females, 465 
Bleeding 
aortoenteric hemorrhage, impending, 237 
of esophageal varices 
with cirrhosis, emergency portacaval shunt in, 325 
and parastomal ileal conduit hemorrhage, 620 
in portal vein thrombosis with normal liver, 341 
gastrointestinal 
and control of gastric pH, 169 
in Mallory-Weiss syndrome, 716 
and hemorrhagic shock 
esophageal sphincter pressure in, 53 
pulmonary and systemic hemodynamics in, 86 
rectal, unexplained, colonoscopy in, 111 
Blood transfusions, donor-specific, before renal transplanta- 
tions, 543 
Blood vessels. See Vasculature : 
Book reviews, 129, 254, 697, 793 li 
Breast 
biopsy of, 152 
carcinoma of 
axillary lymph nodes in, 148 
noninvasive, 139 * 
Stage III, 705 
Burns 
in childhood, aggressive protein feeding in, 505 
lung water changes in, 479 


797 


798 . ^9 


De 


lymphocyte responsiveness in, 772 
opsonic fibronectin levels in, 776 

survival and hospitalization time in, 472 
visceral metabolism and circulation in, 491 


C 


Calcium 
extracellular pool decreases in septic shock, 682 
portal factor in serum calcium homeostasis, 459 
serum levels after parathyroid heterotopic autotransplan- 
tation, 451 
Calculi, intrahepatic, 28 
Calories 
intake with protein feeding in burned children, 505 
requirements in total parenteral nutrition, 562 
Carcinoembryonic antigen, preoperative levels in colorectal 
cancer, 747 
Carcinoma 
of breast 
axillary lymph nodes in, 148 
biopsy in, 152 
noninvasive, 139 
Stage III, 705 
of colon, 114 
and preoperative CEA levels, 747 
of esophagus, 44 
of gastric cardia, gastrectomy in, 58 
of gastric corpus, 730 
at hepatic bifurcation, surgery in, 299 
of thyroid, 701 
Carotid artery lesions 
injuries from blunt trauma, 74 
noninvasive tests in (Letters), 693 
and postoperative stroke rate, 365 
Catheter-related complications, in home parenteral nutrition, 
593 
Cavernous hemangioma of liver, excisional treatment of, 25 
Cerebrovascular complications, postoperative, in cardiac and 
peripheral vascular disease, 365 
Cervical bruits, and postoperative cerebral ischemia, 365 
Chemotactic substances, in treatment of peritonitis, 625 
Children 
aggressive protein feeding in severe burns, 505 
appendiceal colic, 686 
bacterial studies in perforated appendicitis, 208 
catheter-related complications in home parenteral nutri- 
tion, 593 
colonic stricture after necrotizing enterocolitis, 202 
ductus arteriosus patency maintenance in infants, 124 
Fontan procedure in congenital heart disease, 332 
portal diversion for portal hypertension, 18 
Cholinesterases, of pancreatic sphincters, 614 
Cimetidine, and control of gastric pH in critically ill pa- 
tients, 169 
Cirrhósis 
bleeding varices with, emergency portacaval shunts in, 325 
and proteins in ascitic fluid, 738 
Clindamycin with tobramycin, in intra-abdominal sepsis, 213 
Coagulation, intravascular, and pulmonary gas exchange ab- 
normalities, 95 
Colic, appendiceal, in childhood, 686 
Colitis, ulcerative, and rectal preservation in surgery, 249 
Collagenous linings, nonthrombogenic, in cardiovascular 
prostheses, 369 
Colloid solutions, and lung water changes after burns, 479 


v» 


SUBJECT INDEX TO VOLUME 192 


Ann. Surg. e December 1980 


Colon 

carcinoma of, 114 

and preoperative CEA levels, 747 

for replacement of esophagus, 722 

resection in elderly patients, 743 

stricture after necrotizing enterocolitis in infants, 202 

surgery of, and prophylactic use of metronidazole, 221 
Colonoscopy, in unexplained rectal bleeding, 111 
Coronary artery bypass, revascularization after, 390 
Coronary artery disease 

and death after resection of abdominal aortic aneurysms, 

667 
and postoperative stroke rate, 365 


Corticosteroid therapy, and gastrointestinal perforations, 581 


Cranial nerves, hyperactive dysfunction of, 518 


Crohn's disease " 
and catheter-related complications of home parenteral nu- 
trition, 593 


postoperative recurrence at suture line, 311 
and rectal preservation in surgery, 249 
Crystalloid solutions, and lung water changes after burns, 479 


D 


Dacron interposition shunts, in portal hypertension, 9 
Dacron surgical fabric, for cardiovascular defects, 645 
Debridement, peritoneal, in peritonitis, 350 
Ductus arteriosus, patency maintenance in infants, 124 
Duodenogastric diversion, in bile reflux gastritis, 175 
Duodenum 

aortoduodenal fistula, 237 

pancreaticoduodenectomy with preservation of pylorus, 

306 
ulcer of, and acid secretion after vagotomy, 711 


E 


Echinococcosis of liver, alveolar, 118 
Elderly patients, colon resection in, 743 
Embolism, peripheral arterial, 232 
Endarterectomy, and retroperitoneal approach to aorta, 633 
Endoscopic gastric mucosal biopsies, after partial gastrec- 
tomy, 179 
Endoscopic suspension of vesical neck, in urinary incon- 
tinence in females, 465 
Enterocolitis, necrotizing, in infants, colonic stricture after, 
202 
Epidural anesthesia, in aortofemoral arteriography, 227 
Escherichia coli bacteremia, affecting perfused kidneys, 65 
Esophagomyotomy, in achalasia of esophagus, 157 
Esophagus 
bleeding varices of 
with cirrhosis, emergency portacaval shunt in, 325 
and parastomal ileal conduit hemorrhage, 620 
in portal vein thrombosis with normal liver, 341 
carcinoma of, 44 . 
in Mallory-Weiss syndrome, 716 
replacement of 
with colon, 722 
with jejunal autografts, 439 
sphincter pressure in hemorrhagic hypotension, 53 


F 


Femoral artery 
in anastomotic aneurysms after aortofemoral prosthetic 
bypass, 69 
epidural anesthesia in aortofemoral arteriography, 227 


up 


) Vol. 192 « No. 6 


. Fibrinogen 


degradation product D, pulmonary dysfunction from, 
platelet role in, 105 
depletion in ascites, 738 


Fibroblasts, donor, and nonthrombogenic lining in cardio- 


vascular prosthesis, 369 


Fibronectin, opsonic, in burn patients, 776 

Fistula, aortoduodenal, 237 

Fontan procedure, in congenital heart disease, 382 
Formaldehyde infiltration, for ductus arteriosus patency 


maintenance, 124 


Formylmethionylphenylalanine, in experimental peritonitis, 


625 


Fragment D, pulmonary dysfunction from, platelet role in, 


* -ia 
* 


103 


G 


Gallstones, intrahepatic, 28 


Gas exchange abnormalities, pulmonary, after intravascular 


coagulation, 95 


Gastrectomy 


in adenocarcinoma of gastric cardia, 58 
in gastrinoma, 422 
partial, gastric mucosal biopsies after, 179 


Gastrinoma, gastrectomy in, 422 
Gastritis, bile reflux, 175, 288 
Gastrointestinal tract 


A) 


bile refiux gastritis, 175, 288 
bleeding esophageal varices. See Varices, esophageal 
bowel perforation in steroid-treated patients, 581 
carcinoma of colon, 114 
preoperative CEA levels in, 747 
colon resection in elderly patients, 743 
colonic stricture after necrotizing enterocolitis in infants, 
202 | 
colonoscopy in unexplained rectal bleeding, 111 
continent ileostomy, 319 
control of gastric pH in critically ill patients, 169 
esophageal replacement 
with colon, 722 
with jejunal autografts, 439 
idiopathic intestinal pseudo-obstruction, 752 
impending aortoenteric hemorrhage, 237 
jejunoileal bypass, 38, 726 
Mallory-Weiss syndrome, 716 
peptic ulcer 
of duodenum, and acid secretion after vagotomy, 
711 
of jejunum, with islet cell tumor, 422 
postoperative recurrence of Crohn's disease at suture line, 
311 
preoperative metronidazole in colon surgery, 221 
rectal preservation in surgery for colitis, 249 


Gastroschisis 


management, advances in, 244 
omphalocele and, 783 


Glucocorticosteroid therapy, and gastrointestinal perfora- 


tions, 581 


Glucose 


with amino acid infusions, after rectal surgery, 183 
production in burn patients, 491 


K Glycoprotein, opsonic, in burn patients, 776 
Grafts 


* 
ae 


e 


of organs. See Transplantation 
prosthetic. See Prostheses, cardiovascular 


SUBJECT INDEX TO VOLUME 192 "ET 


Jejunoileal bypass ^ 


H 


Head and neck, cutaneous melanoma of; 629 
Heart, congenital lesions of 


and ductus arteriosus patency maintenance, 124 - 
Fontan procedure in, 382 


Hemangioma, cavernous, of liver, excisional treatment of, 25 
Hemodynamics, pulmonary and systemic, in hemorrhagic 


shock, 86 


Hemorrhage. See Bleeding 
Hydatid disease, alveolar, of liver, 118 
Hypertension 


pancreatic ductal, and cholinesterases of sphincters, 614 
portal 

Dacron interposition grafts in, 9 

and parastomal ileal conduit hemorrhage, 620 

portal diversion in, in children, 18 
renovascular, in transplanted kidney, 639 


Hypotension, hemorrhagic 


esophageal sphincter pressure in, 53 
pulmonary and systemic hemodynamics in, &6 


] 


Ileal conduit, parastomal hemorrhage and portal hyper- 


tension with, 620 


Ileostomy, continent, 319 
Immune function 


in cancer patients, intravenous hyperalimentation affect- 
ing, 587 
and lymphocyte responsiveness in burns, 772 


Immunization with pneumococcal vaccine, in renal allograft 


recipients, 199 


Incontinence, urinary, and endoscopic suspension of vesicle 


neck in females, 465 


Infections 


bacteremia affecting perfused kidneys, 65 

bacterial studies in perforated appendicitis in children, 208 
in burns, and opsonic fibronectin levels, 776 

and catabolic breakdown of muscle protein, 570 
catheter-related, in home parenteral nutrition, 593 
chemotactic substances in treatment of peritonitis, 625 
and extracellular calcium pool decreases, 682 

liver function tests in, 192 

and lung water changes after burns, 479 

and metronidazole prophylaxis after colon surgery, 221 ' 
and prophylactic antibiotics in vascular surgery, 356 

and radical peritoneal debridement in peritonitis, 350 
renal failure in sepsis, 65 

treatment of intra-abdominal sepsis, 213 

and visceral metabolism and circulation, 491 


Interposition Dacron shunts, in portal hypertension, 9 
Intestines. See Gastrointestinal tract 

Islet cell tumor, with peptic ulcer of jejunum, 422 

Islet tissue autografts, with pancreatectomy, 526 e 


liver injury from, 726 
long-terrn results of, 38 


Jejunum 


autografts for replacement of pharyngoesophagus, 439 ` 
peptic ulcer of, with islet cell tumors, 422 


«00 . No 58 


Kidney 
` renal failure in sepsis, 65 
role in metabolic response to injury and infection, 491 
transplantation of 
and antibody response to pneumococcal vaccine, 199 
and correction of renovascular hypertension, 639 
donor-specific transfusions prior to, 543 
isografts without immunosuppression, 108 
splenectomy affecting, 553 


L 


Letters to the editor, 693, 788 
Liver 
alveolar hydatid disease of, 118 
cavernous hemangioma of, excisional treatment of, 25 
central hepatic resection and anastomosis, 299 
cirrhosis with bleeding varices, emergency portacaval 
shunt in, 325 
function tests in infections and malnutrition, 192 
injury after jejunoileal bypass, 726 
intrahepatic gallstones, 28 
role in metabolic response to injury and infection, 491 
Lung 
dysfunction from fragment D, platelet role in, 103 
gas exchange abnormalities after intravascular coagula- 
tion, 95 
hemodynamics in hemorrhagic shock, 86 
lymphatic drainage after surgical interruption, 162 
water changes after burns, 479 
Lymphatics 
axillary nodes in breast cancer, 148 
pulmonary, drainage after surgical interruption, 162 
Lymphocyte responsiveness, in burns, 772 


M 


Mallory-Weiss syndrome, 716 
Malnutrition, management of. See Nutrition 
Melanoma, cutaneous, of head and neck, 629 
Mesocaval shunt, in portal vein thrombosis with normal 
liver, 341 
Metronidazole 
preoperative, in colon surgery, 221 
with tobramycin, in intra-abdominal sepsis, 213 
Muscle 
amino acids in, after injury, 78 
catabolic breakdown of protein in infections, 570 
extracellular pool of calcium during sepsis, 682 
Myocardial infarction, after abdominal aortic aneurysm re- 


section, 667 
N . 
Mecrotizing enterocolitis in infants, colonic strictures after, 
202 


Neurologic complications 
in carotid artery injuries, 74 
postoperative, in cardiac and peripheral vascular disease, 
365 
Meurovascular compression, in cranial nerve disease, 518 
Mutrition 
aggressive protein feeding in severely burned children, 505 
and amino acid infusions after rectal surgery, 183 
and catabolic breakdown of muscle protein in infections, 
570 
- and liver function tests in malnutrition, 192 


SUBJECT INDEX TO VOLUME 192 


Ann, Surg. e December 1980 


parenteral 
and immune function in cancer patients, 587 
for outpatients, catheter-related complications in, 593 
protein and calorie requirements in, 562 
preoperative and postoperative nutritional support, 604 
rational use of diets in hospitalized patients, 600 


O 


Obesity, jejunoilieal bypass in, 38 
liver injury from, 726 
Oculoplethysmography, in carotid artery stenosis (Letters), 
693 
Omphalocele, gastroschisis and, 783 
Opsonic fibronectin levels, in burns, 776 


P e 
Pancreas ° 
cholinesterases of ductal sphincters, 614 
pseudocysts of, and common bile duct obstruction, 33 
Pancreatectomy, and islet autotransplantation, 526 
Pancreaticoduodenectomy, pyloric preservation in, 306 
Pancreatitis 
hemorrhagic (Letters), 788 
postoperative, amylase-creatinine clearance ratio in, 195 
Parathyroid gland, heterotopic autotransplantation of, 451 
Parathyroidectomy, and serum calcium changes after porta- 
caval shunts, 459 
Pediatric conditions. See Children 
Peptic ulcer 
duodenal, and acid secretion after vagotomy, 711 
of jejunum, with islet cell tumors, 422 . 
Peritoneal cavity, bacterial studies in perforated appendicitis 
in children, 208 
Peritonitis 
and radical debridement of peritoneum, 350 
treatment with chemotactic substances, 625 
pH, gastric, control m critically ill patients, 169 
Pharyngoesophageal replacement 
with colon, 722 
with jejunal autografts, 439 
Philadelphia Academy of Surgery Centennial, 1 
Plasminogen depletion, in ascites, 738 
Platelets, and pulmonary dysfunction from fragment D, 103 
Pneumococcal vaccine, antibody response to, in renal allo- 
graft recipients, 199 
Portacaval shunts 
emergency, in bleeding varices with cirrhosis, 325 
in portal vein thrombosis with normal liver, 341 
and serum calcium changes after parathyroidectomy, 459 
Portal factor, in serum calcium regulation, 459 
Portal hypertension 
Dacron interposition shunts in, 9 
and parastomal ileal conduit hemorrhage, 620 | 
portal diversion in. in children, 18 ‘ 
Portal vein thrombosis, noncirrhotic, 341 
Presidential address, to American Surgical Association, 269 
Prostaglandins, in ductus arteriosus patency maintenance, 
124 
Prostheses, cardiovascular 
in aortofemoral bypass, and anastomotic aneurysms, 69 
composite graft replacement of ascending aorta and aortic 
valve, 403 
Dacron interposition shunts in portal hypertension, 9 
Dacron, surgical fabric in, 645 
nonthrombogenic lining in, 369 


t 


801. 


Vol. 192 « No. 6 SUBJECT INDEX TO VOLUME 192 a 
Protein Thrombosis 
aggressive feeding in severely burned children, 505 and nonthrombogenic lining in cardiovascular prostheses, 


in ascitic fluid, 738 

muscle, catabolic breakdown in infections, 570 

opsonic, in burn patients, 776 

requirements in total parenteral nutrition, 562 
Protein-sparing therapy, after excision of rectum, 183 
Pseudocysts, pancreatic, and common bile duct obstruc- 

tion, 33 

Pseudo-obstruction, intestinal, 732 
Pylorus, preservation in pancreaticoduodenectomy, 306 


R 


-—* Rectum 


bleedirfg from, unexplained, colonoscopy in, 111 
excision of, protein-sparing therapy after, 183 
preservation of, ih surgery for colitis, 249 
Reflux, bile, and gastritis, 175, 288 
Renal artery endarterectomy, retroperitoneal approach in, 
633 
Reticuloendothelial system, and pulmonary effects of intra- 
vascular coagulation, 95 


v Revascularization, after coronary bypass, 390 


S 


Sarcomas, amputation in, 431 
Sepsis. See Infections 
Shock, hemorrhagic 
esophageal sphincter pressure in, 53 
pulmonary and systemic hemodynamics in, 86 
Shunts 
portacaval 
emergency, in bleeding varices with cirrhosis, 325 
in portal vein thrombosis with normal liver, 341 
and serum calcium changes after parathyroidectomy, 459 
portal diversion in portal hypertension, in children, 18 
in portal hypertension, 9 
Silo technique, in gastroschisis management, 244 
Splanchnic blood flow, in burn patients, 491 


~~ Splenectomy, role in renal transplantation, 553 


—— 


< 


Splenorenal shunts, in portal vein thrombosis with normal 
liver, 341 
Steroid therapy, and gastrointestinal perforations, 581 
Stomach 
adenocarcinoma of 
of cardia, gastrectomy in, 58 
of midsection, 730 
bile reflux gastritis, 175, 288 
control of gastric pH in critically ill patients, 169 
mucosal biopsies after partial gastrectomy, 179 
Stricture 
colonic, after necrotizing enterocolitis in infants, 202 
at hepatic bifurcation, surgery in, 299 
Stroke, postoperative, in carotid artery lesions, 365 


fà 


Thioglycollate, in experimental peritonitis, 625 
Thoracic outlet syndrome (Letters), 695 


“a 
d ‘ 


369 
portal vein, noncirrhotic, 341 
Thyroid gland, carcinoma of, 701 
Tobramycin, with clindamycin or metronidazole, in intra- 
abdominal sepsis, 213 
Transfusions, donor-specific, before renal transplantation, 
543 
Transplantation 
islet tissue autografts with pancreatectomy, 526 
jejunal autotransplants for replacement of pharyngoesoph- 
agus, 439 
of kidney. See Kidney, transplantation of 
parathyroid heterotopic autotransplantation, 451 
Trauma 
and amino acids in muscle and plasma, 78 
in burns. See Burns 
carotid artery injuries, 74 
Tumors 
amputation in sarcomas, 431 
angiogenic activity in premalignant bladder lesions, 762 
carcinoma. See Carcinoma 
cutaneous melanoma of head and neck, 629 
and intravenous hyperalimentation affecting immune func- 
tion, 587 
islet cell, with peptic ulcer of jejunum, 422 


1 


U 


Ulcer, peptic 
duodenal, and acid secretion after vagotomy, 711 
of jejunum, with islet cell tumors, 422 
Urinary incontinence, and endoscopic suspension of vesicle 
neck in females, 465 


V 


Vaccine, pneumococcal, for renal allograft recipients, 199 
Vagotomy, acid secretion after, 711 
Varices, esophageal 
with cirrhosis, emergency portacaval shunt in, 325 
and parastomal ileal conduit hemorrhage, 620 
in portal vein thrombosis with normal liver, 341 
Vasculature 
abnormalities in cranial nerve disease, 518 
aneurysms. See Aneurysms 
angiogenic activity in premalignant bladder lesions, 762 
aortic conditions. See Aorta 
aortoenteric hemorrhage, impending, 237 
aortofemoral arteriography, epidural anesthesia in, 227 
carotid artery injuries from blunt trauma, 74 
coronary artery bypass 
revascularization after, 390 
. Dacron surgical fabrics for angioplasty, 645 
peripheral arterial emboli, 232 
postoperative stroke in peripheral vascular disease, 365 
posttransplant renovascular hypertension, 639 
prophylactic antibiotics in vascular surgery, 356 
prosthetic grafts. See Prostheses, cardiovascular 
Visceral blood flow, in burns, 491 . 


e f 


+ INDEX 
"o8 VOL. 192 JULY - DECEMBER 1980 


J.A Annals of Surgery 


A Monthly Review of Surgical Science and Practice 


Also the official publication of 
THE AMERICAN SURGICAL ASSOCIATION 
THE SOUTHERN SURGICAL ASSOCIATION 
PHILADELPHIA ACADEMY OF SURGERY 


r r 
D 


EDITORIAL AND ADVISORY BOARD 


NEW YORK SURGICAL SOCIETY 


DAVID C. SABISTON, JR., M.D., Chairman 


J. WESLEY ALEXANDER, M.D. 
Cincinnati, O. 
WILLIAM A. ALTEMEIER, M.D. 
Cincinnati, O. 
W. GERALD AUSTEN, M.D. 
Boston, Mass. 
HENRY T. BAHNSON, M.D. 
a Pittsburgh, Pa. 
WARREN H. COLE, M.D. 
Asheville, N.C. 
MICHAEL E. DE BAKEY, M.D. 
Houston, Tex. 
STANLEY J. DUDRICK, M.D. 
Houston, Tex. 

J. ENGLEBERT DUNPHY, M.D. 
San Francisco, Calif. 
PAUL A. EBERT, M.D. 
San Francisco, Calif. 

ERIC W. FONKALSRUD, M.D. 
Los Angeles, Calif. 

FRANK L. A..GERBODE, M.D. 
San Francisco, Calif. 
FRANK GLENN, M.D. 

New York, N.Y. 
m. FRASER N. GURD, M.D. 
Ottawa, Canada 


OLGA M. JONASSON, M.D. 
Chicago, Ill. 


.9 


William F. Rienhoff, Jr., Baltimore, Md., John D. Stewart, M.D., Boca Raton, Fla. 


Durham, N.C. 


WILLIAM P. LONGMIRE, JR., M.D. 
Los Angeles, Calif. 


LEONARD D. MILLER, M.D. 
Philadelphia, Pa. 


FRANCIS D. MOORE, M.D. 
Boston, Mass. 


WILLIAM H. MULLER, JR., M.D. 
Charlottesville, Va. 


JOHN S. NAJARIAN, M.D. 
Minneapolis, Minn. 


JONATHAN E. RHOADS, M.D. 
Philadelphia, Pa. 


PAUL S. RUSSELL, M.D. 
Boston, Mass. 


JOHN A. SCHILLING, M.D. 
Seattle, Wash. 


G. THOMAS SHIRES, M.D. 
New York, N.Y. 


HARRIS B. SHUMACKER, JR., M.D. 
Indianapolis, Ind. 


DAVID B. SKINNER, M.D. 
Chicago, Ill. 


FRANK C. SPENCER, M.D. 
New York, N.Y. 


SAMUEL A. WELLS, JR., M.D. 
Durham, N.C. 


Emeritus Members 


J. B. LIPPINCOTT COMPANY, Publishers 


ba 


Philadelphia and Toronto 


~ 





A 


ANNALS OF SURGERY (ISSN 0003-4932) is published monthly by the J. B. Lippincott Company, 
East Washington Square, Philadelphia, PA 19105. Subscription orders and changes of Address: 


Journal Fulfillment Department, Lippincott/Harper, 2350 Virginia Avenue, Hagerstown, MD 21740. Subscription Rates: 


United States and U.S. possessions per year: $29.00; resident rate (U.S. only): $21.00; 
all other countries except Japan: $39.00. Subscription orders and correspondence about subscriptions in Japan 
should be sent to Woodbell Scope, 11-11, Shoto 2-chome, Shibuya-ku, Tokyo 150, Japan. 
Second class postage paid at Hagerstown, MD and at additional mailing offices. Single copies: $5.00. 
Copyright € 1980 
J. B. Lippincott Company. Printed in U.S.A. 


Abunassar, R. 
Akwari, O. K. 
Alagille, D. 
Alexander, J. W. 
Allermand, H. 
Amend, W. 
Ansley, J. D. 
Askanazi, J. 
Atkins, C. 
Auguste, L. J. 
Aulick, L. H. 


Bain, R. P. 
Baker, H. W. 


Barros D’sa, A. A. B. 


Bartow, S. A. 
Baumgartner, D. 
Bayless, T. M. 
Beahrs, O. H. 
Beart, R. W., Jr. 
Bedwani, R. N. 
Behar, J. 

Bell, R. H., Jr. 
Belzer, F. O. 
Berger, K. 
Berkoff, H. A. 
Berne, T. V. 
Bernhard, W. F. 
Biancani, P. 
Birmingham, W. J. 
Bismuth, H. 
Black, R. 


Blackshear, W. M., Jr. 


Blackstone, E. H. 
Blair, A. D. 

. Boles, E. T., Jr. 
Bone, D. K. 
Border, J. R. 

: Borner, J. W. 


Bouchier-Hayes, D. 


Boyd, J. B. 
Bozian, R. C. 
Bradford, B., Jr. 
Bradford, J. M. 
Brand, E. J. 
Braun, D. W., Jr. 
Bredenberg, C. E. 
Broeckaert, L. 
Brook, I. 

Brown, C. M. 
Burke, B. 
Bürstein, J. 
Butler, J. 

Buzby, G. P. 


C 


Cameron, J. L. 
Carey, L. C. 
Carpenter, M. À. 


ep aoe 


249, 319, 


Author Index (July - December 1980) 


Carpentier, Y. À. 
Carrico, C. J. 
Cegielski, M. M. 
Cerra, F. B. 
Chodak, G. W. 
Christensen, J. M. 
Clarke, A. M. 
Cleghorn, K. 
Clowes, A. W. 
Cochrum, K. 
Cole, T. B. 
Coleman, B. 
Colo, N. A. 
Cooperman, M. 
Copeland, E. M., III. 
Costantino, M. J. 
Craver, J. M. 
Crozier, R. E. 


Curreri, P. W. 103, 


Curry, T. S. 
Cutler, R. 


Dale, J. K. 

Daly, J. M. 
Davidson, E. D. 
Davies, G. C. 
Davis, C. C. 
Debas, H. T. 
Deitch, E. A. 
Dellinger, E. P. 
Desmet, V. 

Di Benedetto, G. 
Dickerman, R. M. 
Dilley, W. G. 
Dion, Y. M. 
Doberneck, R. C. 
Douglas, J. S. 
Dozois, R. R. 
Dressel, T. D. 
Duca, R. 
Dudrick, S. J. 


E 


Eckhauser, F. E. 
Edgcomb, L. P. 
Edwards, W. A. 
Bilber, F. R. 
Eisenberg, B. L. 
Elings, V. B. 
Eliopoulos, G. 
Ellis, F. H., Jr. 
Ellison, E. C. 
Elwyn, D. H. 
Etani, S. 

Evans, J. F. 
Hvans, W. E. 


Fabri, P. J. 
Fagraeus, L. 


804 


78 


169 
38 


570 
762 
479 
213 
747 
414 
543 
439 
570 
359 
701 
537 
291 
390 
157 
472 
639 
169 


451 
587 
175 
148 
645 
195 
422 
169 
179 
645 
639 
451 
221 
152 
39D 
319 
614 
543 
587 


620 
620 
169 
431 
705 
479 
730 
157 
422 

78 
614 
705 
673 


422 
221 


Fairfull-Smith, R. 
Faraj; B. A. 
Farley, M. 
Farndon, J. R. 
Farneli, M. B. 


Farrar, W. B. 
Feduska, N. J. 


Fennell, R. H. 
Ferreira, P. 
Field, R. J. 
Fischer, J. E. 
Fleming, C. R. 
Folkman, J. 
Forse, R. A. 
Fortner, J. G. 
Forward, A. D. 
Fracchia, A. A. * 
Franco, D. 
Frank, L. W. 
Franzblau, C. C. 
Freedom, R. M. 
Freeman, J. B. 
Fry, D. E. 

Fry, W. J. 
Furst, P. 


G 


Galambos, J. T. 
Geboes, K. 
Gibb, S. P. 
Gignoux, M. 
Gittes, R. F. 
Giuli, R. 

Goetz, F. C. 
Goodale, R. L. 
Goodwin, C. W. 
Goslin, R. 
Grabner, B. J. 
Grant, T. T. 
Grunberger, I. 
Gump, F. E. 
Gumport, S. L. 


Hall, D. G. 
Hamilton, S. R. 
Hanes, D. 
Hanks, J. B. 
Harris, M. N. 


. Hart, M. J. 


Hatcher, C. R., Jr. 
Hatem, J. 

Hau, T. 
Haudenschild, C. 
Hayward, J. L. 
Heath, H., III. 
Hechtman, H. B. 


Hellenbrand, W. E. 


Henderson, J. M. 
Hersh, T. 
Hertzer, N. R. 
Hill, G. L. 


9, 341, 


341, 
175, 


aa 





Q 





n 


A) 


A 


Vol. 192 e No. 6 


Hinchey, E. J. 
Hohn, A. R. 
Holcroft, J. M. 
Hrabovsky, E. E. 
Hughes, E. S. R. 
Hull, A. R. 
Hyde, P. V. 


Iwaki, Y. 
Iwatsuki, S. 


Jackson, D. C. 
James, A. G. 
Jannetta, P. J. * 
Jensen, H-E. 
Johnson, D. G. 
Johnson, J. 
Johnson, M. L. 
Johnsrude, I. S. 
Jones, E. L. 
Jones R.'S. 


K 


Kano, T. 
Kantrowitz, L. R. 
Kaplan, E. L. 

Karp, R. B. 
Kazmers, M. 
Keeling, P. 

Keig, H. E. 

Kelly, K. A. 

Kelly, T. R. 
Kershaw, M. 
Kerstein, M. D. 
Ketel, B. L. 
Kettlewell, M. G. W. 
Keynes, W. M. 
King, S. B., III. 
Kinney, J. M. 
Kirklin, J. M. 
Kjaergaard, J. 

Koep, L. J. 25, 
Korner, J. M. N. 
Kosloff, C. 
Kosloske, A. M. 
Kouchoukos, N. T. 
Krummel, R. 
Kutner, M. 9, 


Laks, H. 
Lanes, J. S. 
Lanser, M. E. 
Leckie, P. A. 
Lee, C-H. 
Leight, G. S. 
Lewis, F. R. 
LiCalzi, L. K. 
Liss, R. H. 


221 
124 
682 
244 
114 
639 
325 


543 
25 


i 207 


701 
518 
711 
783 
422 

25 
227 
390 
439 


25 

78 
459 
403 
673 
772 

38 
319 
696 
108 

53 
553 
192 
791 


. 390 


78 
403 
7il 
108 
114 


— 730 


202 


. 403 


505 
738 


382 

69 
776 
195 
459 
451 
479 

53 
369 


Longmire, W. P., Jr. 


Lord, J. W., Jr. 
Luterman, A. 


M 
MacGowan, W. A. L. 


Macintyre, J. 
Macmillan, B. G. 
Malone, J. M. 
Malt, R. A. 
Mannick, J. A. 
Mansfield, P. B. 
Manwaring, D. 
Marks, W. H. 
Maroun, J. A. 
Mason, A. D., Jr. 
Matas, A. J. 
Matlak, M. E. 
Matthews, D. C. 
Mayer, R. 
Mayer, T. 
McDermott, F. T. 
Mclirath, D. C. 


McMenamy, R. R. 


Meyers, W. C. 
Michel, L. 
Michelsen, C. B. 
Miller, P. A. 
Millikan, W. J. 
Millili, J. J. 
Millis, R. R. 
Mills, S. R. 
Milne, B. J. 
Murra, J. J. 
Morris, M. J. 
Morton, D. L. 
Mosimann, F. 
Mulcare, R. J. 
Mullen, J. L. 
Munster, A. M. 
Murphy, G. P. 


Najarian, J. S. 
Nasrallah, S. M. 
Nemir, P., Jr. 
Nomoto, S. 


Oakes, J. B. 
Ogle, C. 

Opelz, G. 

Organ, C. H., Jr. 
Orloff, M. J. 
Overturf, G. D. 


Pacifico, A. D. 


Papachristou, D. N. 


Parenzan, L. 
Parkman, R. 


58, 


369 


Pennington, L. 
Perdue, G. D., Jr. 
Perry, M. O. 
Peters, P. C. 

Pihl, E. 

Pitt, H. A. 

Polk, H. C., Jr. 
Porter, K. A. 
Postier, R. G. 
Postlethwait, R. 
Potter, D. ; 
Powanda, M. C. 
Prentis, J. J. 
Price, A. B. 
Pruitt, B. A., Jr. 


Rankin, G. B. 
Rattner, D. W. 
Ravitch, M. M. 
Reckard, C. R. 
ReMine, S. G. 
Richards, G. K. 
Ricotta, J. J. 
Ritchie, W. P., Jr. 
Rittenhouse, E. À. 
Rosato, E. F. 
Roses, D. F. 
Rosner, D. 

Rowe, R. D. 
Royle, G. T. 
Royster, T. S. 
Rudman, D. 
Rutgeerts, P. 
Rynasiewicz, J. J. 
Rypins, E. B. 


Saba, T. M. 
Sade, R. M. 
Salam, A. A. 
Salvatierra, O., Jr. 
Saporta, J. A. 
Satiani, B. 

Sato, T. 
Sauvage, L. R. 
Savrin, R. A. 
Schisgall, R. M. 
Schröter, G. P. J. 
Schuffler, M. D. 
Schulak, J. A. 


Schumacker, P. R. 


Scovill, W. À. 


. Seigler, H. F. 


Serrano, A. 
Shires, G. T. 
Shiu, M. H. 
Shizgal, H. M. 
Siegel, J. H. 
Silberman, H. 
Silvers, L. W. 
Simmons, R. L. 


Simonowitz, D. À. 


cs 


95, 776 


we 


806 . 


- Sitzman, J. V. 

"Sivak, M. V., Jr. 
Skidmore, A. G. 

. Skivolocki, W. P. 
Smale, B. F. 
Smith, J. A. 

: Smith, J. C. 

* Smith, R. B., III. 
Snyder, W. H. 
Sonda, L. P. 
Sotohert, J. C., Jr. 
Sparks, J. 

Stamey, T. A. 
Starzl, T. E. 
Steele, G., Jr. 
Stein, S. F. 
Stinnett, J. D. 
Stone, A. M. 
Stoney, R. J. 
Strodel, W. E. 
Stuart, F. P. 
Sugarbaker, P. 
Sugimoto, J. 
Sullivan, B. H., Jr. 
Surmak, A. J. 
Sutherland, D. E. R. 
Sutherland, E. 
Suzuki, N. 
Szycher, M. 


95:237; 


25, 


Takahashi, W. 
Talner, N. S. 
Terasaki, P. 

Thal, E. R. 
Thomas, P. A., Jr. 
Thompson, W. M. 
Tranbaugh, R. F. 
Traverso, L. W. 
Trunkey, D. D. 
Trusler, G. A. 
Turcotte, J. G. 
Turnipseed, W. D. 


U 


Uematsu, I. 
Upshur, J. K. 


V 


Vana, J. 

Van Heerden, J. A. 
Vantrappen, G. 
Vincenti, F. 


W 


Wagner, F. B., Jr. 
Warren, W. D... 
Warshaw, À. L. 
Watne, A. L. 


Ann. Surg. e December 1980 


Webb, W. R. 86 
Wei, R., III. 25, 108 
Weiland, L. H. 249 
Weisenburger, T. 431 
Wells, S. A., Jr. 451 
Wesolowski, J. S. 369 
White, T. T. 299 
Whittemore, A. D. 414 
Wiles, M-B. 738 
Wilkins, E. W., Jr. 722 
Williams, G. M. 633 
Williams, W. G. 382 
Wills, C. E., Jr. 726, 
Wilmore, D. W. 491 
Wilson, R. 747 
Winchurch, R. A. © 772 
Wise, L. 65 
Witt, R. j 199 
Witzke, D. J. 593 
Wolfe, W. G. 658 
Wood, S. J. 645 
Y 
Young, G. A. 183 
Z 
Zamcheck, N. 747 
Zollinger, R. M. 422 
Zorn, G. L. 403 


if” 


FA 


Aa 


"Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 


those of other recognized authorities"... just one of the reasons why 


Lippincott's 


Current 





y 
Surgery Formerly REVIEW OF SURGERY 


Editor: Lloyd M. Nyhus, M.D. 


Associate Editors: Robert E. Condon, M.D. 
W.G. Schenk, Jr., M.D., Seymour Schwartz, M.D., 
Robert J. Baker, M.D. 


helps Resident (special rate only $18.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 


surgery and the surgical specialties. 


A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience 


a typical issue includes: 


e Focus—several Reviews of timely or other 


special siqnificance 


e An original Report of major importance 


e Twenty or more Abstracts with Commentary 


(and oft times, rebuttal) 


e Residents Corner —comprising Brief (1 to 3. page) 


Reports and Investiqations 


e In depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY CURRENT SURGERY AT YOUR FINGERTIPS NOW, 


SUBSCRIBE TODAY... 


Circulation Department 
Lippincott/Harper 
2350 Virginia Avenue 
Hagerstown, MD 21740 


Please enter my subscription to CURRENT SURGERY for 1 year (6 issues), at $22 `.» 
(U.S.); CJ $26 (all other countries); Resident Rate O $20.00 (U.S. only; also note "year" of 


residency and Specialty |. | . - ). 





PLEASE PRINT 


Name 





Address 





City/State/Zip 





.] Payment Enclosed. 
] Charge my account. 
My Specialty is: 


M—————— Ja —MM— 


AS 12/80 


ective endocrine 
y in postmenopau: 





T 


Nolvadex 


TAMOXIFEN CITRATE 









































Y" 


.-A well-tolerated form of endocrine therapy* Indicated in breast cancer that has 
* Nolvadex B d » easily Te aE alt need we metastasized to bone and viscera...as well 
e, experience the cgsruption ot family life that can occur wi as to soft tissue 
cytotoxic drugs, where administration often necessitates 
hospitalization. Le ae d 
Depicted below are comparative results from studies' The following isa tabulation of objective responses to — 
of Nolvadex in 625 evaluable patients: Nolvadex in patients who entered therapy with progressive 
disease — from 13 separate studies". 
¥ Objective responses to Nolvadex in relation to prior 
x systemic therapy" p Objective responses by dominant site of progressive 
disease in 625 evaluable? patients 
NONE ENDOCRINE CYTOTOXIC ENDOCRINE 
ONLY ONLY AND BONE VISCERA SOFT 
CYTOTOXIC TISSUE 
Complete 9 2 12 5 TOTAL NUMBER 
Response (4%) (2%) (9%) (3%) OF PATIENTS 250 248 127 
Partial 80 34 23 3] COMPLETE RESPONSE "4 
Response (3996) (3996) (1696) (1696) measured by complete 
disappearance of all known É 22 
Disease | 58 29 35 64 malignant disease and T (2%) (17%) 
Stabilization (28%) (33%) (25%) (33%) recalcification of osteolytic 
Progression 57 23 70 93 lesions for at least 4 weeks 
(28%) (26%) (50%) (48%) PARTIAL RESPONSE 
Tata) Number measured by decrease of 50% 
Í Petiant 204 88 140 193 or greater in size of lesions, 
E and/or partial recalcification 65 56 47 
4 or blastic transformation of (2696) (2396) (3796) 
A valuable antiestrogen for the palliative ETE 
treatment of advanced breast cancer I 
in postmenopausal women. (NO CHANGE) 
measured by decrease of 
* nlike si usua SSOCIaled wl Oo r ents se most frequen re rte less than 50% or increase 
Kos ka Pon Ss ye ae erin meas aca ý of less than 25% in size of 89 70 27 
low discontinuance rate of 2%. The uncomplicated oral regimen of Nolvadex does not lesions, with no change in (36%) (28%) (21%) ^ 
necessitate hospitalization osseous lesions for 
atleast 4 weeks 
Total (complete or partial 
s response or stabilization) 62% 53% 76% 
PROGRESSION "4 
measured by increase 
of greater than 2596 in size of 96 116 3l 
lesions, or appearance (38%) (47%) (24%) 
of any new lesions 
*Data on file, Stuart Pharmaceuticals "og 
Ee t Of a total of 970 patients studied, 345 were excluded from evaluation of Nolvadex efficacy 
] because of an madequate treatment period, concomitant therapy with other anticancer agents, 
or not having evaluable disease . J 


Please see next page for a brief summary of prescribing information 


644^: y s 


BRIEF SUMMARY 
NOLVADEX® (tamoxifen citrate) tablets 


Indications and Usage: Nolvadex* has proven useful in the 
palliative treatment of advanced breast cancer in postmeno- 
pausal women. Available evidence indicates that the patients 
who have had a recent negative estrogen receptor assay are 
unlikely to respond to Nolvadex. 

Contraindications: There are no known contraindications to 
the use of Nolvadex 

Warnings: Nolvadex may have oncogenic activity in animals; 
the possibility of this potential in humans should be consid- 
ered. Nolvadex affects reproductive function in rats at dose 
levels somewhat higher than the human dose. Safe use in 
pregnancy has not been established. 

Ocular changes have been reported in a few patients 
treated for periods greater than one year with Nolvadex at 
doses at least four times tne highest recommended daily 
dose of 40 mg. The ocular changes consist of retinopathy 
and, in some patients, there are also corneal changes and a 
decrease in visual acuity. Ophthalmologic examinations of 
selected patients receiving long-term therapy with Nolvadex* 
at recommended doses have not detected any ocular pathol- 
ogy attributable to the drug. 

As with other additive hormonal therapy (estrogens and an- 
drogens), hypercalcemia has been reported in some breast 
cancer patients with bone metastases within a few weeks of 
starting treatment with Nolvadex. If hypercalcemia does oc- 
cur, appropriate measures should be taken and, if severe, 
Nolvadex should be discontinued. 

Precautions: Nolvadex should be used cautiously in patients 
with existing leukopenia or thrombocytopenia. Observations 
of leukopenia and thrombocytopenia occasionally have been 
made, but it is uncertain if these effects are due to Nolvadex 
therapy. Transient decreases in platelet counts, usually to 
50,000-100,000/cu mm, infrequently lower, have been occa- 
sionally reported in patients taking Nolvadex for breast can- 
cer. No hemorrhagic tendency has been recorded and the 
platelet counts returned to normal levels even though treat- 
ment with Nolvadex continued. Periodic complete blood 
counts, including platelet counts, may be appropriate 

Usage in Pregnancy: Nolvadex should not be used during 
pregnancy. 

Adverse Reactions: The most frequent adverse reactions to 
Nolvadex are hot flashes, nausea, and vomiting. These may 
occur in up to one-fourth of patients, but are rarely severe 
enough to require discontinuation of treatment. 

Less frequently reported adverse reactions are vaginal 
bleeding, vaginal discharge, menstrual irregularities, and 
skin rash. Usually these have not been of sufficient severity to 
require dosage reduction or discontinuation of treatment. 

Increased bone and tumor pain, and also local disease 
flare have occurred, which are sometimes associated with a 
good tumor response. Patients with increased bone pain may 
require additional analgesics. Patients with soft tissue dis- 
ease may have sudden increases in the size of preexisting le- 
sions, sometimes associated with marked erythema within 
and surrounding the lesions, and/or the development of new 
„lesions. When they occur, the bone pain or disease flare are 
seen shortly after starting Nolvadex* and generally subside 
rapidly. 

Other adverse reactions which are seen infrequently are 
hypercalcemia, peripheral edema, distaste for food, pruritus 
vulvae, depression, dizziness, light-headedness and head- 
ache. 

If adverse reactions are severe, it is sometimes possible to 
control them by a simple reduction of dosage without loss of 
control of the disease 
Overdosage: Acute overdosage in humans has not been re- 
ported. Signs observed at the highest doses following studies 
to determine LDso in animals were respiratory difficulties and 
oonvulsions. No specific treatment for overdosage is known; 
treatment must be symptomatic 
Dosage and Administration: One or two 10 mg tablets twice 
a day (morning and evening). 

How Supplied: Nolvadex tablets are white, round, biconvex 
tablets imprinted with STUART 600, containing tamoxifen as 
the citrate in an amount equivalent to 10 mg of tamoxifen. The 
¢abf@ts are available in containers of 60 tablets and 250 tab- 
lets. The tablets should be protected from heat and light 
NDC0038-0600 September 1979 


STUART PHARMACEUTICALS 


Division of ICI Ameri Inc. 
Wilmington, Delawafe 19897 





Fifth Edition 


Rhoads 
TEXTBOOK OF 


SURGERY 


Principles and Practice 
* 


Edited by JAMES D. HARDY, M.D. 
with 279 contributors » 


Although technically a Fifth Edition of Surgery: 
Principles and Practice, this revision is new in 
title, editor, contributing authors, content, ap- 
proach, and format. It has been reorganized 
into three major parts: General Principles of 
Surgical Practice; Specific Lesions and Dys- 
functions Involving Various Organs; and 
Parasurgical Considerations. 


The approach is now problem-oriented and this 
outstanding volume considers virtually all 
current problems in surgery. 


More than 270 contributors give you an 
enormous geographical and philosophical range 
in one volume. Each is well known in his field 
and discusses management of a specific 
problem. Included in each of the hundreds of 
topics discussed are basic features of the opera- 
tion including a table of basic facts; an overview 
of the concept under discussion, description of 
specific pathological conditions; surgical 
history, physiology; a pathophysiological 
diagram and an anatomical sketch whenever 
feasible; many excellent illustrations of disease 
processes and treatment procedures, puxsible 
technical errors; safeguards; postoperative 
problems; and complications. 


2354 Pages / 1738 Illustrations / 313 Tables 


5th Edition, 1977 / One Volume Format. $45.00 
Two Volume Format. $53.00 


Now Availablein Either OneorTwoVolumeForm! 





Lippincott 


J. B. LIPPINCOTT COMPANY 


East Washington Square 6 Phila., Pa. 19105 
e 


In Canada. J. B. Lippincott Company of Canada Ltd. 
75 Horner Avenue, Toronto, Ontario M8Z 4X7 


Please send me 
Rhoads TEXTBOOK OF SURGERY 
o 1 Vol. $45.00 52 Vols. $53.00 


Name  . - = 





Address -— i 





City SNB ——— Zip: = 





o Payment enclosed O Charge and bill me 


(Save postage and handling) 


(Plus postage and handling) 
Also available at your medical bookstore AS 12/80 





UP-TO-DATE CUMULATIVE INDEX 





e. 


m 


:4 Journal of the American Cancer Society, Inc. 





TEN-YEAR CUMULATIVE INDEX OF SUBJECTS AND AUTHORS 
VOLUMES 18-34. JANUARY 1965-DECEMBER 1974 


The 10-year Cumulative Index to CANCER, printed in an easy-to-locate format is a convenient useful 
reference to the findings and developments in cancer as published in this official publication of The 
American Cancer Society during the years 1965 through 1974. 


Completely cross-referenced, the key indexing words are those cf the Medical Subjects Headings 
(MESH) of the National Library of Medicine. 


In the Subject Index, under appropriate category headings set in bold face type, the complete title to 
each article is listed followed by author's name in parentheses, and the specific volume, page citation. 
Over 25,000 subject entries are included. 


The Author Index, comprising some 10,000 entries, lists the principal author/s for each article and also 
cites volume and page location of the article. 


In 328 pages, 71⁄2 x 1014, the outward appearance of the Cumulative Index matches that of the 
Journal CANCER itself. Price postpaid is $25.00 per copy. U.S., $26.00 all others. 


CANCER 


Circulation Department 
Lippincott/ Harper 
2350 Virginia Avenue 
Hagerstown, MD 21740 


Please send — copies of CANCER's Ten-Year Cumulative Index (1965-1974), at 
525.00 per copy postpaid U.S. ($26.00 all others). 


[] Payment herewith [] Send Invoice 


(Please Print) 


Address 


City/State/Zip 


AS 12/80 





INDEX TO ADVERTISERS 


PHARMACEUTICAL SUPPLIES 


AMERICAN CRITICAL CARE 
BEEN Quususévsvutuasxbeésbe ess 58A, 59A 


BOEHRINGER INGELHEIM LIMITED 
PAI Losses uae rA E33 p E 2A, 3A 


BURROUGHS WELLCOME COMPANY 
ENPIFHIN C CODEINE ...... e COVER IV 


ENDO LABORATORIES 
BEEN eee re errs ee 40A, 41A, 42A 


HOFFMANN LA ROCHE, INC. 
INJECTABLE VALIUM ........ 32A, 33A, 34A 


IVES LABORATORIES 
ROI 5444 sent RE RE eR RAS ATTE 2A 17A 


KNOLL PHARMACEUTICAL COMPANY 
BEDLAUDIU' 4Lisvesecesnustersi 68A, COVER III 


McNEIL PHARMACEUTICALS 
SXWDMAX eee mna 23A THRU 30A, 31A 


MEAD JOHNSON PHARMACEUTICAL DIVISION 
ENDSALE Leuecsresevesincese sonetvs 54A, 55A 


MERCK, SHARP & DOHME 
EENUXIN cave seaseunese dened 50A, 51A, 52A 


NORWICH EATON PHARMACEUTICALS 
BEL keadge ce sonecdiiopedenus ipaa 16A 


PARKE DAVIS & COMPANY 
CHLOROMYCETIN .............. 6A, 7A, 8A 


ROCHE PRODUCTS, INC. 
DALMANE Seacessizeevusiuyss 20A, 21A, 22A 


x 


STUART PHARMACEUTICALS 
NOLVADEX uere ER eee 62A, 63A, 64A 


SYNTEX RESEARCH 


BNAPPOA duessdukihberrtre»x xs 43A THRU 48A *^ 


VIOBIN CORPORATION 
We: »xu24ddddadaitvieei cries COVER II 


WYETH LABORATORIES 


ATIVAN INJECTION ..... 35A, 36A, 37A, 38A 


SUPPLIES AND INSTRUMENTS 


AMERICAN CYSTOSCOPE MAKERS 


SURGICAL INSTRUMENTS ........ 14A, 15A 
ETHICON, INC. 

PROXIMATE SKIN STAPLER 5... 1A 
IMPRA, INC. 

FIFEUMBPIS a dias twee does Seen eed nae 4A 


KOR DIAGNOSTICS 
VASGULAR COMPUTER seen 66A 


MEDASONICS, INC. 


MAGMA Vissó cexeeekek needs ne tee ss 19A 
3M COMPANY 
SKIN BIAPLEN. «ekbrvrhr rra 12A, 13A 


MISCELLANEOUS 


J.B. LIPPINCOTT COMPANY 
— P 53A, 57A, 60A, 61A, 64A, 65A, 68A 


SOUTHERN CALIFORNIA PERMANENTE ... 39A 


18A, 39A, 42A, 49A ` 





ETT hU e 


SN) 
= 
Q 
Z. 
v 
< 
^ 











. SURGICAL 
ENDOCRINOLOGY 


Clinical Syndromes 
W 


Edited by 
STANLEY R. FRIESEN, M.D., Ph.D.(Surg.) 
with 28 contributors 





Here is up-to-the-minute, useable information 
on the known endocrine syndromes requiring 
the attention of surgeons and other physicians 
The book encompasses all the surgically signifi- 
cant endocrinopathies, both common and rare, 
all ages of patients, from the newborn to the 
elderly, and all accepted techniques of clinical 
and laboratory diagnosis, as well as surgical and 
conservative management. 


The relevant basic sciences are integrated with 
current diagnostic and, therapeutic techniques. 
Each of the contributors is a leading authority 
writing on his own area of special interest. 


Among the unique features of this text you'll 
find an illuminating commentary on each 
chapter by Dr. Friesen... step-by-step diagnos- 
tic flowcharts... a central table of the humoral 
and biological actions of 20 important endocrine 
syndromes mnemonic names for the 
syndromes diagrammatic illustrations de- 
picting the pathophysiology of each syndrome 
as a composite of clinical findings. 


The volume presents a wealth of extraordin- 
arily current developments, featuring informa- 
tion on such innovative concepts and practices 
as the APUD series of endocrine cells—their 
origin, identification, and clinical applications, 
and the future surgical management of endo- 
crinopathies via transposition and transplan- 
tation of endocrine tissues. 
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